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PATENT TRADEMARK OFFICE 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Application of: David BERD 

Serial No.: 08/203,004 Art Unit: 1642 

Confirmation No.: 2699 

Filed: February 28, 1994 Examiner: Susan UNGAR 

For: COMPOSITION AND METHOD OF USING TUMOR CELLS 



BRIEF ON APPEAL 

Hon. Commissioner of A P ril 8 ' 2002 

Patents and Trademarks 
Washington, DC 20231 

Sir: 

This second Brief on Appeal (submitted in triplicate) is submitted in 
response to the Examiner's Communication mailed March 1 2, 2002. A first Brief on 
Appeal was filed on December 28, 2001 together with a Petition for a five-month 
extension of time and the appropriate fee, following the Notice of Appeal filed 



May 29, 2001 and the response to the Final Office Action mailed on 
November 29, 2000. It is believed that no additional fees are required for these 
submissions. However, should it be determined that additional fees are required or 
that any refund is due in connection with this application, the Commissioner is hereby 
authorized to charge the required fee(s) and/or credit the refund(s) due to Deposit 
Account No. 04-0100. 

1 . The Real Party in Interest 

Thomas Jefferson University (TJU), Philadelphia, Pennsylvania, is the 
assignee of this application. Avax Technologies, Inc., of Overland Park, Kansas 
(Avax), has an exclusive license from TJU. Accordingly, Avax is a real party in 
interest. 

2. Related Appeals and Interferences 

There are no related appeals or interferences. 



Serial No. 08/203,004 
Second Brief on Appeal 



Docket No. 1225/0C674 
Page 2 



3. Status of Claims 



Claims 43, 44, 47, 49-62, 64-72, and 74-77 are pending and the final 
rejection of all of these claims is the subject of this Brief. A copy of the pending 
claims is attached as an Appendix immediately following this Brief. 

4. Status of Amendments 

Appellant filed an amendment May 29, 2001 in response to the Final 
Office Action dated November 29, 2000. The Examiner entered this amendment 
pursuant to the Advisory Action dated July 5, 2001 (copy attached as Exhibit 1). 

5. Summary of the Invention 

The present invention concerns a composition comprising human tumor 
cells (other than melanoma cells) conjugated with a hapten. 1 (Specification, page 8, 
lines 4-6; page 1 5, lines 4-9). Such haptenized tumor cells have been surprisingly and 
unexpectedly discovered to form an effective immunogenic component in a vaccine 
composition for immunotherapy of cancer of the type from which the ceiis were 

1 A hapten is a small molecule that, when conjugated to a carrier, can elicit a 
specific immune response. Preferred haptens include the highly reactive dinitrophenyl 
and trinitrophenyl groups. (Specification, page 1 5, lines 4-9). 
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derived. (Specification, page 1 1 , line 26 to page 1 2, line 1 ; page 1 7, lines 6-16). The 
haptenized tumor cells are prepared from tumor cells retrieved from the patient 
receiving treatment (i.e., they are "autologous"), and are haptenized and rendered 
incapable of growing in the body of a human before injection therein. (Specification, 
page 12, lines 1-5 and 19-22; page 15, line 26 to page 16, line 13). 

In another aspect, the invention provides a method for treating a 
malignant tumor (other than melanoma) in a human patient by co-administering a 
composition comprising haptenized autologous human tumor cells, of the same tumor 
type as the tumor in the patient, with an adjuvant. (Specification, page 8, lines 6-10; 
page 11, line 27 to page 12, line 5; page 14, lines 3-20; page 15, line 20). The 
composition elicits at least one of the following responses upon administration to the 
patient with the adjuvant: an inflammatory immune response against the tumor of the 
patient; a delayed-type hypersensitivity response against the tumor of the patient; and 
activated T lymphocytes that infiltrate the tumor of the patient. (Specification, page 
17, lines 6-13; page 18, lines 6-13). 

In a further aspect, the invention provides a method for treating a 
malignant tumor in a human patient by co-administering a composition comprising 
haptenized autologous human tumor cells of the same tumor type as the tumor in the 
patient, along with an adjuvant, at least six times. (Specification, page 14, lines 7-18 
and 25-26; page 22, lines 22-26) . In still a further embodiment, the patient is given 
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a dose of cyclophosphamide prior to the first administration of the composition. 
(Specification, page 21, lines 23-25). 

The composition of the invention represents an advance over prior 
experiments involving haptenization of tumor and other cells for testing in animal 
models. (Specification, page 17, lines 3-16). Prior art experiments suggested that 
haptenization results in hapten-specific immunity and, in certain experimental animal 
models, could elicit immunity to unmodified cells as well. (Specification, page 2, line 
25 to page 4, line 28). However, the model systems left unresolved whether a human 
therapy was possible, as hapten-specific immunity would not be useful against 
metastasized tumor cells or tumor cells remaining after tumor resection, because the 
residual tumor cells in a patient do not bear hapten. 

The invention addresses a need in the art for an effective immunotherapy 
for tumors, especially non-melanoma tumors. (Specification, page 1 1, lines 21-25). 
Administering haptenized tumor cells unexpectedly increases the effectiveness of the 
resulting tumor-specific immune response, especially with six or more immunizations, 
resulting in a more effective immunotherapy. (Specification, page 22, lines 25-26). 
Most importantly, the inventor has discovered that the protective immunity is not 
hapten-specific, which the prior art suggested would be the case. (Specification, page 
17, iines 3-16; page 23, lines 9-11). 
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6. Issues 



The only remaining issues in this application concern obviousness of the 
claims over various combinations of references as set forth below. 2 

a. Rejection over Murphy in view of '704 Patent, '843 Patent, '183 
Patent, or '001 Patent; Berd 1989; and Geczy 

Claims 47, 65-72 and74-77 stand rejected as allegedly being obvious (see 

paragraph No. 5 of the Final Office Action [Exhibit 2], referencing Paper No. 41 

[Exhibit 31, Section 5, pages 2-3 and Paper No. 36 [Exhibit 4], Section 10, pages 8- 

12) over Murphy et al. (Lab Invest 1990;62:70A; hereinafter "Murphy" [Exhibit 5]), 

in view of U.S. Patent No. 5,702,704 (hereinafter "'704 patent" [Exhibit 6]), U.S. 

Patent No. 5,626,843 (hereinafter "'843 patent" [Exhibit 7]), U.S. Patent No. 

5,008,183 (hereinafter "'183 patent" [Exhibit 8]), or U.S. Patent No. 4,232,001 

(hereinafter "'001 patent" [Exhibit 9]); Berd et al., (Proc AACR 1989:30:382; 



2 The Examiner withdrew the rejection of claims 43, 49-51, and 54-55 for 
allegedly not being enabled by the disclosure in the Advisory Action (Exhibit 1 ) in view 
of the amendment of claim 43 to recite that the composition of the invention elicits, 
when administered together with an adjuvant, an immune response. In a previous 
Office Action, the Examiner stated that the specification enables a method for treating 
a malignant tumor in a human patient comprising administering the composition of 
claim 43 (i.e., haptenized autologous non-melanoma tumor cells) and BCG (Office 
Action dated April 28, 1999 [Exhibit 4; Paper No. 36], paragraph No. 6). The 
specification supports this recitation, e.g., Examples 2 and 3 report eliciting a striking 
inflammatory response when the composition of the invention was administered 
together with the adjuvant BCG. Claims 49-51 and 54-55 depend from claim 43. 
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. ) ) 

hereinafter "Berd 1 989" [Exhibit 1 0]), and Geczy et al. (J Immunol. 1 970; 1 9: 1 89-203, 
hereinafter "Geczy" [Exhibit 11]). 

b. Rejection over Berd 1989 in view of '704 Patent, '843 Patent, 
'183 Patent, or '001 Patent; and Geczy 

Claims 47, 65-72, and 74-77 stand rejected as allegedly being obvious 

over Berd 1989 in view of the 704 Patent, the '843 Patent, the '183 Patent, or the 

'001 Patent, and further in view of Geczy (see paragraph 6 of the Final Office Action 

[Exhibit 2], referencing Paper No. 41 [Exhibit 3], Section 6, page 4 and Paper No. 36 

[Exhibit 4], Section 11, pages 12-15). 

c. Rejection over Berd 1989 in view of 704 Patent, '843 Patent, 
'183 Patent, or '001 Patent; Geczy, and Wiseman 

Claims 43, 44, 47, 49-62, 64-72, and 74-77 stand rejected as allegedly 

unpatentable over Berd '89 in view of the 704 Patent, the '843 Patent, the '183 

Patent, or the '001 Patent; and Geczy, in further view of Wiseman et al. (West J Med 

1 989; 1 5 1 :283-288, hereinafter "Wiseman" [Exhibit 1 2]) (see paragraph 7 of the Final 

Office Action [Exhibit 2], referencing Paper No. 41 [Exhibit 3], Section 7, pages 4-5 

and Paper No. 36 [Exhibit 4], Section 12, pages 15-18). 
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d. Rejection over Berd 1989 in view of '704 Patent, '843 Patent, 
'183 Patent, or '001 Patent; Geczy, and Berd 1983 

Claims 43, 44, 47, 49-62, 64-72, and 74-77 stand rejected as allegedly 

being unpatentable over Berd '89 in view of the '704 Patent, the '843 Patent, the 

'183 Patent, or the '001 Patent; and Geczy, in further view of Berd et al. (PASCO 

1983;2:56, hereinafter "Berd 1983 [Exhibit 13]) (Final Office Action [Exhibit 2], 

paragraph No. 8, referencing Paper No. 41 [Exhibit 3], Section 8, page 6 and Paper 

No. 36 [Exhibit 4], Section 13, pages 18-21). 

e. Rejection over Berd 1989 in view of '704 Patent, '843 Patent, 
'183 Patent, or '001 Patent; Geczy, Sanda and Moody 

Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected as allegedly 

being unpatentable over Berd 1989 in view of the '704 Patent, the '843 Patent, the 

'1 83 Patent, or the '001 Patent; and Geczy, in further view of Sanda et al. (J Cellular 

Biochem 1 993;suppl.1 7D:1 20, hereinafter "Sanda" [Exhibit 14]) and Moody et al. (J 

Urol 1991;145:293A, hereinafter "Moody" [Exhibit 15]) (Final Office Action [Exhibit 

2], paragraph No. 9, referencing Paper No. 41 [Exhibit 3], Section 9, page 7 and Paper 

No. 36 [Exhibit 4], Section 14, pages 21-25). 
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7. Grouping of Claims 

The claims do not stand or fall together. In this section, three groups of 
claims, designated Group A-C, with distinct patentability considerations are identified. 
In section 8 below, Appellant describes why the claims in Groups A-C are believed to 
be separately patentable. 

Group A: Claims 43 and 49-55. These claims are directed to 
compositions that have distinct features and patentability considerations. Within this 
group, claim 49 is directed to a Markush group of tumors that has distinct patentability 
considerations relative to the genus of tumors. In addition, claim 51 is directed to a 
specifically recited hapten. 

Group B: Claims 44. 56-62, 64, and 76. These claims are directed to a 
method for treating a malignant tumor in a human, which has distinct patentability 
considerations relative to the composition claims. Within this group, claims 56 and 57 
are directed to a Markush group of tumors that has distinct patentability considerations 
relative to the genus of tumors. In addition, claim 59 is directed to a specifically 
recited hapten. 
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Group C: Claims 47, 65-72, 74, 75, and 77. These claims are directed 
to a method for treating a malignant tumor in a human, which has distinct patentability 
considerations relative to the composition claims and to the other method of treatment 
claims because these claims (i) do not exclude treatment of melanoma tumors and (ii) 
require at least six administrations of the immunotherapy vaccine. The Examiner has 
rejected these claims for different reasons than the other claims, which further 
establishes that these claims stand or fall separately from the other claims. 

Within this group, claims 65 and 66 are directed to a Markush group of 
tumors that has distinct patentability considerations relative to the genus of tumors. 
In addition, claim 68 is directed to a specifically recited hapten. Finally, claim 70 
recites a specific regiment for administration of cyclophosphamide (CY). 

8. Argument 

The first part of this section summarizes the rejections as they pertain to 
each claim group, and some general considerations that are important to all issues 
raised in the Final Office Action. The second part of this section discusses each issue 
(/.e., obviousness rejection) separately, explaining why each claim group involved in 
the same rejection, where applicable, is believed to be separately patentable. 

Table 1 . Rejected Claims and Cited References 
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Mo. Reference Cited in Rejection Rejected Claims 

Group C 



a 


Murphy in view of Antibody 
Patents,* Berd 1989, and Geczy 


■ 


76 


47, 65-72, 
74-75, 77 


b 


Berd 1 989 in view of Antibody 
Patents* and Geczy 




76 


47, 65-72, 
74-75, 77 


c 


Berd 1 989 in view of Antibody 
Patents,* Geczy, and Wiseman 


43, 49-55 


44, 56-62, 
64, 76 


47, 65-72, 
74-75, 77 


d 


Berd 1989 in view of Antibody 
Patents,* Geczy, and Berd 1983 


43, 49-55 


44, 56-62, 
64, 76 


47, 65-72, 
74-75, 77 


e 


Berd 1 989 in view of Antibody 
Patents,* Geczy, Sanda and Moody 


43, 49-55 


44, 56-62, 
64, 76 


47, 65-72, 
74-75, 77 



* "Antibody Patents" = '704, '843, '183, and '001 Patents 

The relevant test for obviousness requires three basic factual inquiries: 

the scope and content of the prior art are to be determined; the differences between 

the prior art and the claims at issue are to be ascertained; and the level of ordinary skill 

in the art resolved. Graham v. Deere, 383 U.S. 1,17 (1966); Ruiz v. A.B. Chance 

Co., 57 USPQ2d 1 161, 1 165 (Fed. Cir. 2000). The relevant inquiry involves three 

steps. First, there must be some suggestion or motivation to modify what is taught 

in a reference or to combine reference teachings. Second, there must be a reasonable 

expectation of success. Finally, the prior art reference or combination of references 

must teach all of the claim limitations. Both the motivation and the reasonable 

expectation of success must be found in the prior art, not in appellant's disclosure. 
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See, MPEP § 2143, citing in re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 
1991). 

As explained in detail below, the Final Office Action fails to establish a 
prima facie case for obviousness under these requirements because there is no 
motivation to combine the references, and, even when forcibly combined, they do not 
provide a reasonable expectation of success. 

In all of the rejections, the Examiner relies on the Berd 1 989 abstract as 
an allegedly successful example of treatment of melanoma by administration of DNP- 
conjugated autologous melanoma cells in connection with BCG and a preceding dose 
of cyclophosphamide. The Examiner also contends that it would have been expected 
that the autologous irradiated melanoma, lung, colon, kidney, and colon cancer cells 
of Wiseman ([Exhibit 1 1 ] discussed below) would be successfully substituted for the 
melanoma cells of Berd 1 989 to treat other cancer types (Final Office Action [Exhibit 
2], bridging paragraph between pp. 5 and 6). However, both of these conclusions 
depend on according more weight to the Abstract than one of ordinary skill at the time 
of the invention would have given it. 

To factually determine what a reference teaches one of ordinary skill in 
the art in implementing the Graham standard, the courts have relied upon affidavit 
evidence either by experts or those of ordinary skill in the art. See In re Carroll 202 
USPQ 571 (CCPA 1979); In re Piasecki, 223 USPQ 785, 789 (Fed. Cir. 1984); In re 
Oelrich, 1 98 USPQ 210 (CCPA 1 978). Furthermore, affidavits of those skilled in the 
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art have been held to constitute factual evidence of the level of skill in the art. E.g., 
In re Piasecki, 223 USPQ at 789; In re Oelrich, 198 USPQ 210, 214-15. Such 
affidavits constitute competent evidence that cannot be ignored. See e.g., Ash/and 
Oil, Inc. v. Delta Resins & Refractories, lnc. t 227 USPQ 657, 674-75 (Fed. Cir. 1 985). 

Appellant has therefore addressed the teachings of this reference through 
the lense of one of ordinary skill in the art, Dr. Donald Braun, who attended an 
interview with the Examiner and her supervisor on January 5, 2000. 3 As set forth by 
the Braun Declaration [Exhibit 1 6] accompanying the response to the Final Office 
Action 4 , Berd 1989 does not describe a successful immunotherapy for melanoma 
(Braun Declaration, paragraph 7). On the contrary, it represents a preliminary result 
that raises more questions and ambiguities than it answers. Early animal work on 
tumor immunotherapy could not establish whether similar approaches could work in 



3 Dr. Donald Braun has a long career in the field of immunological oncology, as 
evidence by his curriculum vitae, attached as Exhibit A to the Braun Declaration 
[Exhibit 1 6]. There can be no doubt as to his qualifications as one of at least ordinary 
skill in the art. 

4 The Braun Declaration memorializes comments made by Dr. Braun during the 
personal interview with the Examiner and her Supervisor on January 5, 2001 , at which 
this application and a number of related applications by the same inventor were 
discussed. The points made therein reinforce scientific and factual argument 
distinguishing the prior art of record already made by applications. The Examiner 
agreed at the interview that Dr. Braun's Declaration would substantiate these points. 
However, for reasons unknown to the Appellant, the Examiner stated in the Advisory 
Action (Exhibit 1) that she had not considered the Braun Declaration "... because 
Applicant has not shown good and sufficient reasons why it was not earlier 
presented..." (Advisory Action [Exhibit 1], page 2). It had seemed self-evident that 
presentation of this Declaration could not have preceded the clarification of issues 
achieved at the interveiw. 
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humans (Braun Declaration, paragraph 8). The Abstract fails to provide a definitive 
protocol that would permit one to repeat the work, determine whether this approach 
elicited an immune response to unmodified cells, or establish that it achieved any 
clinical benefit (Braun Declaration, <H 9, 10, 11). 

Thus, since the primary reference, Berd 1989, fails to provide any 
expectation of success, i.e., clinical benefit, using the haptenized tumor cell approach 
in melanoma patients, this reference is completely irrelevant in providing any 
expectation of success for such an approach in other types of cancer. Since no other 
reference cited by the Examiner makes up for this fundamental flaw, nor the 
combination of them (see below), obviousness does not obtain. 

With these considerations in mind, we turn to each issue, and the specific 
grounds for rejection. 

a. The Rejection of Claims 47, 65-72, and 74-77 over Murphy in 
view of '704 Patent, '843 Patent, '183 Patent, or '001 Patent; 
Berd 1989; and Geczy 

The rejected claims are all part of Group C, except for claim 76, which 

is part of Group B. Claim 76 is directed to a method for treating a non-melanoma 

malignant tumor in a human patient by co-administering a composition comprising 

haptenized autologous human tumor cells of the same tumor type as the tumor in the 

patient, with an adjuvant. The broadest claim of Group C, claim 47, is directed to a 

method for treating a malignant tumor in a human patient by co-administering a 
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) 

composition comprising haptenized autologous human tumor cells of the same tumor 
type as the tumor in the patient, along with an adjuvant, at least six times. As 
disclosed in Examples 3, 4, and 6 of the instant application, administration of the 
immunotherapeutic vaccine comprising haptenized tumor cells on at least six, and in 
most cases eight, occasions resulted in actual treatment of tumors, with statistically 
significant greater cancer-free survival compared to controls (who received non- 
haptenized vaccine) at two years. (Specification, page 29, lines 22-25). The 
difference was highly significant. (Id., page 30, lines 26-27; page 41 , line 24 to page 
42, line 8). 

i. The Examiner's Reasoning 

The Examiner states that Murphy teaches a method for treating melanoma 
comprising sensitizing with DNCB, administering a therapeutically effective amount of 
cyclophosphamide (CY), and administering a therapeutically effective amount of 
autologous, irradiated DNP-conjugated melanoma cells mixed with BCG adjuvant. The 
Examiner notes that Murphy does not teach administration of at least six vaccine 
doses at spaced intervals, a specific dose of CY (300 mg/M 2 ), prior sensitization with 
1 -f luoro-2,4-dinitrobenzene, or eliciting certain specified immune responses against the 
tumor. The Examiner cites the '704, '843, '183, and '001 Patents for teaching 
administration of at least six doses of antigen; Berd 1 989 for teaching a successful 
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method of treating melanoma with the specified dosage of CY using DNP-conjugated 
melanoma cells, and Geczy for teaching halogenated dinitrobenzenes for eliciting 
delayed type hypersensitivity. (Paper 36 [Exhibit 4], pages 9-10). The thrust of this 
rejection, then, is that it would have been obvious from the combined teachings of 
Murphy; the '704, '843, '183, or '001 Patents; and Berd 1989 to administer at least 
six doses of a haptentized tumor cell vaccine, and that various haptenization reagents 
can be used as described by Geczy. 

Appellant have previously argued that the references cannot be combined 
as suggested by the Examiner without employing impermissible hindsight from the 
disclosure of the invention. The Examiner contends that "[s]ome degree of hindsight 
is permissible in making rejections under 35 U.S.C. 103 since it must be recognized 
that any judgement on obviousness is in a sense necessarily a reconstruction based 
upon hindsight reasoning." (Final Office Action [Exhibit 2], page 3). 

ii. Appellant's arguments 

The teachings of Berd 1989 has been discussed above and in the Braun 
Declaration [Exhibit 16], noting in particular the lack of guidance and expectation of 
success of this reference. 
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J ) 
As noted in Appellant's amendment filed September 22, 2000 on page 
14, paragraph 3.d, Murphy's teachings are cumulative to those of Berd 1989 in all 
aspects relied upon by the Examiner, thereby suffering from the same lack of guidance 
and expectation of success for the haptenized-tumor-cell approach in melanoma, and, 
of course, even more so in the case of non-melanoma tumors. 

The teachings and deficiencies of Geczy have been discussed in 
Appellant's amendment filed September 22, 2000, on pages 11-12, paragraphs 3.b.iii. 
Geczy proposes that direct haptenization of lymphocytes is necessary for lymphocyte 
transformation, thereby primarily relating to anti-hapten responses. Geczy does not 
pertain to cancer therapy. In addition, Geczy's anti-hapten responses would not be 
useful for tumor treatment, since they would attack the haptenized tumor cell vaccine 
itself instead of residual tumor cells. Thus, to the extent that the teachings of Geczy 
relate to those of Berd 1 989 and/or Murphy, they diverge and teach away from using 
haptens to elicit a protective immune response against unmodified tumor cells. 

With respect to the '704, '843, '183, and '001 Patents, their teachings 
and deficiencies were also discussed in the amendment dated September 22, 2000, 
pages 10-11, paragraph 3.b.ii. Since the teachings of these patents are substantially 
overlapping, they are hereinafter collectively referred to as the "Antibody Patents." 



Serial No. 08/203,004 
Second Brief on Appeal 



Docket No. 1225/0C674 
Page 1 7 



; ) 
The immunization schedules proposed in the Antibody Patents result in 
the generation of antibodies against the antigens. Such antibodies can be useful as 
diagnostic reagents, but since the subjects do not develop protective immunity to the 
immunogen(and are not intended to do so), the Antibody Patents are irrelevant for 
immunotherapy treatment regimes. In fact, the Antibody Patents fail to suggest, and 
indeed teach away from, generating an immune response to a carrier, since the goal 
of the references is to elicit an immune response to a "carried" substance, i.e., the 
antigen, and not a carrier. 5 This is directly analogous to eliciting an anti-hapten 
antibody response against a hapten "carried" by a tumor cell. As pointed out above, 
such a result would be contrary to the invention, since an anti-hapten immune 
response would not affect residual tumor cells remaining after resection or metastasis. 
Thus, the Antibody Patents, as well as Geczy, teach away from a key point of the 
invention; the elicitation of an immune response towards unmodified tumor cells (the 
"carriers"). 

Finally, the Antibody Patents do not teach or suggest at least six 
administrations or immunizations for the treatment of cancer. No objective teaching 
thus exists in these patents that would suggest to or motivate one of skill in the art 
to administer antigens or antibodies to humans at least six times at spaced intervals 
in order to treat cancer. 



5 See, e.g., the '704 patent, column 13, line 38 to column 14, line 9. 
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In conclusion, there is no motivation to combine references that relate to 
immunotherapy of cancer and anti-tumor responses (Murphy, Berd 1989) with 
references which impliedly or explicitly teaches anti-hapten responses and do not even 
relate to cancer treatment (Geczy, Antibody Patents). Even when forcibly combined, 
however, there are no teachings about treatment of non-melanoma tumors, or about 
successful treatment of any tumor type, in this combination of references. 

iii. Separate Patentability Issues 

Claim 76 (Group B) cannot be obvious over the cited combination of 
references because (1 ) the references cannot be combined (see preceding section), and 
(2) the combination does not teach treatment of non-melanoma tumors, an explicit 
feature of the claim. 

The claims of Group C cannot be obvious over the cited combination of 
references because (1 ) the references cannot be combined (see preceding section), and 
(2) even if forcibly combined, there would be no reasonable expectation that six or 
more administrations of vaccine would yield a more successful tumor treatment as 
demonstrated in the Examples. If anything, the combined teachings of the references 
leads one of ordinary skill to predict that six or more administrations of a haptenized 
tumor cell vaccine would yield a stronger anti-hapten antibody response, e.g., as 
shown by the Antibody Patents. Such an outcome leads away from the Group C 
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claims in particular, as these claims all require at least six administrations of vaccine. 

Thus, there are different reasons for the non-obviousness of claim 76 and 
the claims of Group C over the cited combination of references. In addition, claim 76 
depends from claim 44, which was not included by the Examiner in this rejection. 
Accordingly, claim 76 and Group C are separately patentable. 

iv. Errors in Rejection 



The Examiner has made a number of legal errors to arrive at a conclusion 
of obviousness based on the combined teachings of these references, primarily by 
failing to properly articulate the Graham factors. For example, Examiner did not 
properly consider the scope and content of the prior art, and the differences between 
the prior art and the claimed invention. Ruiz, 57 USPQ2d at 1167. The Examiner 
further failed to establish the level of ordinary skill in the art, Id. at 1168, which 
Appellant has established through the Braun Declaration as well as through the 
references cited by the Examiner. 

With respect to considering the scope and content of the prior art and the 
differences between the prior art and the claimed invention, the Examiner failed to 
articulate "... a reason, suggestion, or motivation in the prior art or elsewhere that 
would have led one of ordinary skill in the art to combine the references." Id. at 1 1 67, 
citing In re Rouffet, 47 USPQ2d 1453, 1459 (Fed. Cir. 1998) and In re Dembiczak, 
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50 USPQ2d 1614, 1617 (Fed. Cir. 1999). The Federal Circuit provides explicit 
guidance in Ruiz on the factual findings to make in determining a reason, suggestion, 
or motivation to combine: 

The reason, suggestion, or motivation to combine may be found explicitly 
or implicitly: 1) in the prior art references themselves; 2) in the 
knowledge of those of ordinary skill in the art that certain references, or 
disclosures in those references, are of special interest or importance in 
the field; or 3) from the nature of the problem to be solved, "leading 
inventors to look at references relating to possible solutions to that 
problem." 

Id. (citations omitted). The Examiner merely alludes to a "conventional immunization 
scheduled" (Final Office Action [Exhibit 2], page 4; Paper 36 [Exhibit 4], page 11) 
without providing any basis for linking a conventional immunization schedule for 
eliciting diagnostic antibodies to an immunotherapy regimen. 

The error here arises from the Examiner falling "into the hindsight trap." 
In re Kotzab, 55 USPQ2d 1313, 1318 (Fed. Cir. 2000). As the Court stated in 
Kotzab, "... to establish obviousness based on a combination of the elements disclosed 
in the prior art, there must be some motivation, suggestion or teaching of the 
desirability of making the specific combination that was made by the applicant." Id. 
at 1 31 6, citing In re Dance, 48 USPQ2d 1 635, 1 637 (Fed. Cir. 1 998); In re Gordon, 
21 1 USPQ 1 125, 1 127 (Fed. Cir. 1984). The Antibody Patents teach methods to 
elicit antibodies to the immunizing agent, e.g., a hapten-like compound such as an 
advanced glycosylation end-product (see the '704 patent, Exhibit 6). Geczy shows 
that haptenization results in hapten-specific immunity. Neither Murphy nor Berd 1 989 
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suggest at least six administrations of the immunotherapeutic vaccine, much less the 
advantages of doing so disclosed in the Examples of the instant application. Thus, the 
Examiner has "... found prior art statements that in the abstract appeared to suggest 
the claimed limitation...", Id. at 1318, but which, in fact, lack any motivation to 
modify the teachings of Murphy or Berd 1989 to include that limitation. 

With respect to the level of skill in the art, which the Examiner relies on 
in making this rejection (Final Office Action [Exhibit 2], page 4), Appellant respectfully 
submits that the Braun Declaration and the explicit teachings of the references show 
that the level of skill in the art does not supply the missing teaching here. See A-Site 
Corp. v. VSI, 50 USPQ2d 1161,1171 (Fed. Cir. 1 999). "[T]he level of skill in the art 
is a prism or lens through with a judge or jury views the prior art and the claimed 
invention. This reference point prevents these deciders from using their own insight 
or, worse yet, hindsight, to gauge obviousness." Id. The Examiner has not 
established that the level of skill in the art is such that it would lead the skilled artisan 
to modify the teachings of Murphy or Berd 1989 as set forth in the claims. In 
particular, there is no incentive to administer vaccine six times (claims of Group C) or 
to treat non-melanoma tumors (claims of Group B). To rely on "conventional 
immunization schedules" is therefore in error. 

The Examiner cited two cases to support her analysis of obviousness. 
In particular, the Examiner points out that "[t] he test for obviousness. ..is what the 
combined teachings of the references would have suggested to those of ordinary skill 
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in the art." In re Keller, 208 USPQ 871, 881 (CCPA 1981) (Citations omitted). 
Appellant agrees, but points out that the Examiner must consider the references for 
all that they teach; it is impermissible to consider a reference in less than its entirety, 
or to disregard disclosures that diverge and teach away. W.L Gore & Assoc., Inc. v. 
Garlock, Inc., 220 USPQ 303 (Fed. Cir. 1993), cert, denied 469 U.S. 851 (1984). 
Such teaching away, which is the effect of the Antibody Patents and Geczy reference, 
defeats obviousness. See Winner Int 7 Royalty Corp. v. Wang, 53 USPQ2d 1580, 
1587 (Fed. Cir. 2000). Moreover, the prior art, and not the disclosure in the 
application, must both suggest the invention and provide a reasonable expectation of 
success in achieving it. In re Vaeck, 20 USPQ 2d 1438 (Fed. Cir. 1991). 

Correctly applying the foregoing legal principles, the references neither 
(1 ) suggest the invention, nor (2) provide a reasonable expectation of success. With 
respect to the claims of Group C, Berd 1989 and, by extension, Murphy, are 
inadequate to suggest modifying the immunization strategy to require at least six 
administrations of an immunotherapeutic vaccine. With respect to claim 76, the 
Examiner has not alleged any basis for rejecting a claim directed to treatment of 
tumors other than melanoma. Taken together, which as the Examiner has pointed out 
is how the references must be considered, the references do not render the claimed 
invention obvious. The Examiner's failure to properly consider the Graham factors, and 
the admitted use of hindsight to establish obviousness, represent error and should be 
reversed. 
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b. The rejection of claims 47, 65-72 and 74-77 over Berd 1989, the 
Antibody Patents, and Geczy 

This rejection also pertains to the claims of Group C, with the exception 
of claim 76 (Group B). The Examiner maintained this rejection for the same reasons 
described in the above rejection. For the reasons set forth above, the combination of 
Berd 1 989, the Antibody Patents, and Geczy, fails to render the instant invention 
obvious. Berd 1989, like Murphy, provides little to no information about method of 
treatment and therapeutic, which the Braun Declaration makes abundantly clear. In 
short, one of ordinary skill in the art would not have had any motivation to modify the 
teachings of Berd 1 989 to require immunization with the haptenized tumor cell vaccine 
at least six times, and none of the cited references teaches treatment of non- 
melanoma tumors. The same reasons for separate patentability applies here as in the 
previous rejection. The Examiner has erroneously failed to establish the Graham 
factors sufficient to render the invention obvious, and instead has substituted hindsight 
to sustain this rejection, both of which constitute error. See Ruiz, 57 USPQ2d at 
1 167-68. Thus, this rejection is in error and should be reversed. 

c. The (rejection of claims 43, 44, 47, 49-62, 64-72, and 74-77 over 
Berd 1 989, the Antibody Patents, and Geczy in view of Wiseman 

This rejection pertains to claims in all of Groups A, B, and C. The 
broadest claim in Group A, claim 43, is directed to a composition comprising human 
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tumor cells (other than melanoma cells) conjugated with a hapten. The tumor cells to 
be haptenized are obtained from the patient receiving treatment (i.e., they are 
"autologous"), and are rendered incapable of growing in the body of a human before 
injection therein. 

The broadest claim in Group B, claim 44, is directed to a method for 
treating a malignant tumor (other than melanoma) in a human patient by co- 
administering a composition comprising haptenized autologous human tumor cells of 
the same tumor type as the tumor in the patient, along with an adjuvant. The 
composition elicits at least one of the following upon administration to the patient with 
the adjuvant: an inflammatory immune response against the tumor of the patient; a 
delayed-type hypersensitivity response against the tumor of the patient; and activated 
T lymphocytes that infiltrate the tumor of the patient. 

The broadest claim of Group C, claim 47, has been discussed above. 

i. The Examiner's Reasoning 



All references and the Examiner's reasons for combining them have been 
discussed above, except for Wiseman. The Examiner contends that "Wiseman clearly 
showed that autologous irradiated melanoma, lung, colon, and kidney cancer were 
successfully used for successful immunological treatment of those cancers and it 
would have been expected that these cell types, already known in the art to be useful 
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as immunogenic cancer treatments would be successfully substituted for the 
melanoma cells of Berd [1 989] in order to treat the other cancer types." (Final Office 
Action [Exhibit 2], paragraph bridging pages 5 and 6). 

ii . Appellant's arguments 

The Braun Declaration addresses the teachings and deficiencies of the 
primary reference, Berd 1989, as discussed above. Briefly, Berd 1 989 lacks teachings 
with respect to any clinically significant tumor regression being observed, as well as 
the numbers and route of administration. (Braun Declaration [Exhibit 16], %%9 and 11). 
Thus, one of ordinary skill in the art would have presumed that Berd 1989's 
haptenized tumor cells and BCG had been injected intra-tumorally, and that the BCG 
was thereby responsible for the observed, clinically non-significant, tumor responses 
(Braun Declaration [Exhibit 16], 11 1). Accordingly, Berd 1989 suffers from a lack of 
expectation of success for the haptenized-tumor-cell approach in melanoma, and even 
more so in the case of non-melanoma tumors. 

As discussed in the amendment dated September 22, 2000 (p. 17, 1 st 
full paragraph), Wiseman teaches an alternative form of immunotherapy that depends 
on the route of administration: intralymphatic immunization. This alternative, which 
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Wiseman indeed reports favorably, in no way suggests a deficiency or problem that 
would lead one of ordinary skill in the art to seek an alternative immunization strategy. 

On the contrary, Wiseman diverts the skilled artisan away from the 
claimed invention, thus precluding combining this reference in making the rejection. 
One of ordinary skill in the art would, when provided with the Wiseman reference on 
one hand and Berd 1989 on the other, be inclined to pursue the Wiseman approach: 
intralymphatic immunization with unmodified tumor cells, since this approach was 
successful and avoided the problems with the haptenization approach in Berd 1989. 
Finally, Geczy and the Antibody Patents lead away from any notion that haptenized 
tumor cells could yield an anti-tumor cell response, because they suggest an anti- 
hapten response, and, in addition, do not relate to cancer treatment. Such teaching 
away, which is the effect of the Antibody Patents and Geczy reference, defeats 
obviousness. See Winner Int'l Royalty, 53 USPQ2d at 1587. 

As discussed above, nothing in Berd 1 989 suggests that haptenization 
of tumor cells provides an effective therapeutic response (as established by the Braun 
Declaration), much less a more effective response than other immunization protocols. 
However, the data in the present specification clearly supports the unexpected 
superiority of the haptenized tumor cells and methods of immunotherapy using them. 

The DFS [disease-free survival] and TS [total survival] of [patients treated 
with haptenized tumor cells] were compared with those of 22 melanoma 

Serial No. 08/203.004 Docket No. 1 225/0C674 

Second Brief on Appeal Pa 9 e 27 



J 

patients with resected nodal metastasises treated previously with 
unconjugated vaccine, see Example 4. Of 36 patients with stage 3 
melanoma (palpable mass in one lymph node region), 22 are disease-free 
with a median follow-up of 33 months. Kaplan-Meir analysis projects a 
3 year DFS and TS of 59% and 71 %, respectively. In contrast, the DFS 
and TS of stage 3 patients treated with unconjugated vaccine was 22% 
and 27% respectively (p = 0.01, log-rank test). Of 1 1 stage 4 patients 
(palpable mass in two lymph node regions), 5 are NED (no evidence of 
disease) with a median follow-up of 41 months. 

(Specification, page 41, line 24 to page 42, line 8). These data demonstrate the 
superiority of the claimed invention, particularly the claimed methods of treatment, 
relative to Wiseman's approach. 

These advantages, however, can only be gleaned from the disclosure of 
the specification, and are not available from the combined teachings of the references. 
Advantages flowing directly from the invention are one consideration that may be 
relevant to a determination of obviousness. Mosinee Paper Corp. v. James River Corp. 
of Virginia, 22 U.S.P.Q.2d 1657, 1660, aff'd. mem. 980 F.2d 743 (Fed. Cir. 1992) 
(citing Pre-Emption Devices, Inc. v. Minnesota Mining & Mfg. Co., 221 USPQ 841 
(Fed. Cir. 1 984)). "After all, those advantages are the foundation of that 'commercial 
success 1 which may be evidence of nonobviousness." Pre-Emption, supra, at 844 
{citing Graham, 383 U.S. at 17). Thus, the showing of significant advantages of the 
presently claimed compositions and methods, particularly as related in Example 6 
(quoted above), demonstrates non-obviousness of the invention. 
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Even if Berd 1 989 had taught an effective immunotherapy of melanoma 
using haptenized, autologous melanoma cells, such a teaching would not form a 
sufficient basis for combination with Wiseman to achieve the claimed invention. As 
applicants have previously pointed out, it is not expected that "vaccines using other 
types of tumor cells, shown to effectively treat cancer, would behave in a 
mechanistically similar manner to the melanoma vaccine described in Berd et al." (See 
Paper No. 41 [Exhibit 3], page 5, lines 12-14). In the PTO-1449 form filed by 
Applicant on December 1 , 1 998, Applicant brought the Examiner's attention to Hanna 
et al. (U.S. Patent No. 5,484,596, hereinafter "Hanna"). Hanna teaches a method for 
the treatment of human colon cancer that involves the use of a vaccine which is made 
from irradiated human tumor cells. The Examiner was requested to note that the 
Hanna vaccine strategy appears to be effective only for treating colon cancer. A 
publication reporting on a clinical trial of the "Hanna'Vvaccine conceded that the 
vaccine was not effective for rectal cancer (Hoover et al., J. Clin. Oncology 11: 
390-399, 1993; copy attached to the Amendment filed September 22, 2000 as 
Exhibit 1 [Exhibit 17], "Hoover"). Hoover states that ". . . no benefits were seen in 
patients with rectal cancer who received [active specific immunotherapy with an 
autologous tumor cell-BCG vaccine]" (see Abstract; see also page 399, first column). 
Hence, even though the Hanna vaccine was reportedly successful in treating colon 
cancer, it failed to provide any benefits to patients with rectal cancer, a tumor type 
closely related to colon cancer. Accordingly, even had Berd 1 989 successfully treated 
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melanoma patients with his haptenized tumor cell vaccine, and not only provided 
preliminary and essentially anecdotal results relating to DTH-responses, it could not 
have been reasonably expected that a similar vaccine would be equally effective in the 
treatment of related tumors, much less tumors of completely unrelated origin. 

It is clear that upon careful examination, the references cannot be 
combined as the Examiner has suggested. Thus, here the Examiner's citations appear 
on the surface to suggest the claimed invention, but, upon further review, can only be 
combined as the Examiner proposes with knowledge of the Applicant's invention. In 
re Kotzab, 55 USPQ2d at 1318. Such an analysis is, of course, improper. For the 
foregoing reasons, this obviousness rejection is in error and should be reversed. 



iii. Separate Patentability issues 

The product claims of Group A cannot be obvious over the suggested 
combination of references, since the references cannot be combined to teach a 
haptenized non-melanoma tumor cell vaccine which elicits an anti-tumor response. 
Berd 1 989 merely teaches a melanoma cell vaccine for immunotherapy, and Hanna and 
Hoover showed that an immunotherapy vaccine successful for one type of tumor 
would not function as a vaccine for another, closely related, tumor type. Thus, a 
combination with Geczy and the Antibody Patents and the Wiseman reference would 
not lead to any suggestion, much less conclusion, that the melanoma vaccine of Berd 
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1 989 would indeed elicit an anti-tumor response if applied to wholly unrelated tumor 
cells. Thus, there is no incentive from these references to haptenize non-melanoma 
tumor cells for an immunotherapy vaccine. 

The method claims of Group B are not obvious over the suggested 
combination of references because (1) the references cannot be combined to teach a 
haptenized non-melanoma tumor cell vaccine which elicits an anti-tumor response; and 
(2) even when forcibly combined, they do not suggest a reasonable expectation of a 
successful treatment. The reasons why the references cannot be combined are 
provided in the preceding paragraph. As for the lack of expectation of success, Berd 
1989, using haptenized melanoma cells, does not establish a successful 
immunotherapy method for melanoma. Geczy and the Antibody Patents suggest that 
an anti-hapten response would be the one and only result, and Wiseman proposes that 
intralymphatic injection of unmodified cells is a successful approach. Therefore, this 
combination of references, while admittedly raising expectations of success for the use 
of an unmodified tumor cell vaccine of Wiseman, could not possibly teach a reasonable 
expectation of success in achieving an anti-tumor response against a non-melanoma 
tumor using a haptenized vaccine. 

Finally, the claims of Group C are not obvious over the (forced) 
combination of references simply because any administration schedule provided by the 
Antibody Patents to elicit a response to an antigen, exemplified by the "carrier"- 
associated glycosylation end-product of the '704 patent, would merely be applicable 
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for eliciting an anti-hapten response, and not for an anti-tumor response, as previously 
described. These differences between the references except Wiseman and the Group 
C claims have been discussed. Wiseman adds nothing about an effective number of 
administrations for a haptenized tumor cell vaccine. In short, the claims of Group C 
are patentable and distinct for all the reasons discussed in 8(a) and 8(b), supra. 

Since the reasons for non-obviousness of the claims in the different claim 
groups are different, separate patentability considerations apply. 

d. The rejection of claims 43, 44, 47, 49-62, 64-72, and 74-77 over 
Berd 1989, the Antibody Patents, Geczy, and Berd 1983 

This rejection pertains to all of Groups A-C. The broadest claims of these 
claim groups, claims 43, 44, and 47, have been discussed above. The teachings of 
Berd 1989, the Antibody Patents, and Geczy have also been discussed above. 

i. The Examiner's Reasoning 

The Examiner contends that Berd 1983 teaches treatment of breast 
cancer patients with autologous vaccine, and that the substitution of the breast cancer 
cells of Berd 1 983 for the melanoma cells of Berd 1 989 was prima facie obvious. The 
Examiner also alleges that Appellant previously argued the Berd 1983 reference 
individually without clearly addressing the combined teachings. 
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Appellant respectfully disagrees. Appellant chose to, instead of repeating 
arguments already made in the amendment, discuss the entirety of the teachings of 
Berd 1 983 before adding this reference to the combination of Berd 1 989, the Antibody 
Patents, and Geczy (see amendment dated September 22, 2000, page 18, section 
3.g). In doing so, it is clear that Berd 1 983 adds nothing to the combination of Berd 
1989, the Antibody Patents, and Geczy, which combination is (1) improper and (2) 
fails to provide any reasonable expectation of success as discussed above. 

ii . Applicant's Arguments 

Berd 1983 teaches intradermal administration of autologous tumor cells 
to six cancer patients, five suffering from melanoma and one from breast cancer, and 
reports DTH responses against tumor cells in three out of the five evaluated patients. 
Note that Berd 1 983 is silent with respect to whether the single breast cancer patient 
was among the 3 patients (50%) showing a DTH response. Even assuming that the 
breast cancer patient was among the three, the addition of Berd 1983 to the 
combination of reference would not provide a reasonable expectation that a haptenized 
tumor cell vaccine, whether based on melanoma or breast cancer cells, would elicit a 
clinically significant anti-tumor response. 
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The Braun Declaration addresses the teachings and deficiencies of Berd 
1989, as discussed above. The reference lacks teachings with respect to any clinically 
significant tumor regression being observed, as well as the numbers and route of 
administration. (Braun Declaration [Exhibit 16], W and 11). Thus, one of ordinary 
skill in the art would have presumed that Berd 1 989's haptenized tumor cells and BCG 
had been injected intratumorally, and that the BCG was thereby responsible for the 
observed, clinically non-significant, tumor responses (Braun Declaration [Exhibit 
161,11 1). Accordingly, Berd 1989 suffers from a lack of expectation of success for 
the haptenized-tumor-cell approach in melanoma, and even more so in the case of non- 
melanoma tumors. 

As noted above, even if Berd 1 989 taught an effective immunotherapy 
of melanoma using haptenized, autologous melanoma cells, such a teaching would not 
form a sufficient basis for combination with Berd 1983 to achieve the claimed 
invention. As applicants have previously pointed out, it is not expected that "vaccines 
using other types of tumor cells, shown to effectively treat cancer, would behave in 
a mechanistically similar manner to the melanoma vaccine described in Berd et al." 
(See Paper No. 41 [Exhibit 3], page 5, lines 12-14). As described in section 8.d.ii 
above. Appellant brought the Examiner's attention to Hanna and to Hoover [Exhibit 
1 7], the latter of which showed that the "Hanna" vaccine, reportedly successful for 
treating colon cancer, was unsuccessful for treating rectal cancer. Hence, if a vaccine 
strategy cannot be successfully translated from colon cancer to rectal cancer, a person 
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of skill could not reasonably expect to translate Berd 1989's melanoma cell vaccine 
to a successful, wholly unrelated, breast cancer or other non-melanoma vaccine. 

iii. Separate Patentability issues 

The teachings of Berd 1 983 are the same as those of Wiseman 1 983 in 
the context of the Examiner's rejection discussed under section 8.d herein, and all 
other references are the same. Therefore, Groups A-C have different patentability 
considerations for the same reasons as those presented in section 8 .d .iii above. 

iv. Errors in Refection 

It is clear that upon careful examination, the references cannot be 
combined as the Examiner has suggested. Thus, even though the Examiner's citations 
appear on the surface to suggest the claimed invention, upon further review it is 
discovered that they can only be combined as the Examiner proposes with knowledge 
of the Applicant's invention, in re Kotzab, 55 USPQ2d at 1318. Such an analysis 
is, of course, improper. For the foregoing reasons, this obviousness rejection is in 
error and should be reversed. 
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e. The rejection of claims 43, 44, 47, 49-62, 64-72, and 74-77 over 
Berd, the Antibody Patents, Geczy, and Sanda and Moody 

This rejection pertains to claims in all of Groups A-C. The broadest claims 
in these claim groups, claims 43, 44, and 47, have been discussed above. Berd, the 
Antibody Patents, and Geczy, as well as their teachings, are discussed above. 

i. The Examiner's Reasons 

The Examiner has stated that in particular Berd 1989 supplies the 
motivation to "decorate the tumor cells with hapten." Incorporating the reasoning set 
forth in the prior two Office Actions, the Examiner states that Moody teaches that 
lymphokine-transfected prostate cells generate an anti-tumor effect in vivo, and that 
Sanda addresses the feasibility of gene therapy for human prostate cancer. These 
references appear to be relevant to the Examiner because they suggest methods of 
anti-prostate cancer therapy, 

ii . Applicant's Arguments 

Sanda teaches a method for transducing human prostate cancer cells with 
a particular retroviral vector. This approach is wholly unrelated to any immunotherapy 
method for cancer treatment, and it solves a different problem (tumor cell ablation 



Serial No. 08/203,004 
Second Brief on Appeal 



Docket No. 1225/0C674 
Page 36 



through a therapeutic gene) than the claimed invention (tumor cell immunotherapy 
using a haptenized tumor cell as a vaccine). Thus, there is no logical connection 
between Sanda and the other references cited in this rejection. See Ruiz, 57 USPQ2d 
at 1 1 68 (evidence that the references solve different problems can preclude a 
determination of obviousness). 

Moody teaches an immunotherapy method based on transfection of rat 
prostate tumor cells to make them express the lymphokines IL-2 and lL-4. Although 
reportedly successful, the method disclosed in this reference adopts an altogether 
different approach than haptenization of tumor cells, and there is no suggestion from 
Moody to modify his approach by haptenization. 6 

In short, for the reasons discussed above, the forced combination of Berd 
1 989, the Antibody Patents, and Geczy fail to suggest, much less teach, compositions 
of haptenized non-melanoma tumor cells, methods of cancer immunotherapy using 
haptenized non-melanoma tumor cells, or methods of cancer immunotherapy involving 
a specific regimen of administering haptenized tumor cells at least six times. Sanda 
and Moody have nothing to do with such immunotherapy; they are in this respect less 

6 As disclosed in the specification of the instant application, using 
immunostimulatory molecules in combination with the claimed compositions and 
methods may be desirable in some instances. (Specification, page 17, lines 17-20). 
Moody provides one avenue for such a combination. This in no way suggests the 
claimed invention. 
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relevant than Wiseman. Accordingly, for the reasons advanced above, this rejection 
is in error and must be reversed. 

iii. Separate Patentability Considerations 

Sanda and Moody add nothing of relevance for any of Groups A-C, and 
the distinctions between the claims and all other references considered together are 
the same. Therefore, Groups A-C have different patentability considerations for the 
same reasons as those presented in section 8.d.iii above. 

iv. Error's in Rejection 

It is clear that upon careful examination, the references cannot be 
combined as the Examiner has suggested. Thus, even though the Examiner's citations 
appear on the surface to suggest the claimed invention, upon further review it is 
discovered that they can only be combined as the Examiner proposes with knowledge 
of the Applicants invention. In re Kotzab, 55 USPQ2d at 1318. Such an analysis 
is, of course, improper. For the foregoing reasons, this obviousness rejection is in 
error and should be reversed. 
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9. Conclusion 

For the forgoing reasons, Appellant submits that the Final Rejection is in 
error and should be reversed on all grounds. The Examiner has committed error by 
failing across the board to properly articulate the Graham factors. For example, 
Examiner did not properly consider the scope and content of the prior art, and the 
differences between the prior art and the claimed invention. Ruiz, 57 USPQ2d at 
1 1 67. The Examiner further failed to establish the level of ordinary skill in the art, Id. 
at 1 1 68, which Appellant has established through the Braun Declaration as well as 
through the references. With respect to considering the scope and content of the prior 
art and the differences between the prior art and the claimed invention, the Examiner 
failed to articulate "... a reason, suggestion, or motivation in the prior art or elsewhere 
that would have led one of ordinary skill in the art to combine the references." Id. at 
1 1 67 (citations omitted). Instead, the Examiner has improperly relied on an arbitrary, 
non-existent level of skill in the art to fill in the holes in the prior art, See A-Site Corp. 
50 USPQ2d at 1171, and has consistently fallen into the "hindsight trap". In re 
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Kotzab. 55 USPQ2d at 1 31 8. For these reasons, reversal of all rejections and remand 
of the application for allowance is believed to be in order and is earnestly solicited. 



Respectfully submitted, 

Paul F. Fehlner, Ph.D. 
Reg. No. 35,135 
Attorney for Appellant 

DARBY & DARBY, P.C. 
805 Third Avenue 
New York, N.Y. 10022 
Phone (212) 527-7700 
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APPENDIX 



Pending Claims on Appeal 

43. (Amended) A composition comprising human tumor cells that: 

(i) are conjugated to a hapten; 

(ii) are of the same tumor type as a malignant tumor of a patient for 
treatment of whom the composition is intended; 

(iii) are autologous to said patient; and 

(iv) have been rendered incapable of growing in the body of a human 

upon injection therein; 

said composition eliciting, when administered together with an adjuvant, 
an inflammatory immune response against the tumor of said patient, wherein said 
tumor is not melanoma. 

44. A method for treating a malignant tumor in a human patient comprising 
co-administering to the patient 

(a) a composition comprising a therapeutically effective amount of 

human tumor cells that: 

(i) are conjugated to a hapten; 

(ii) are of the same tumor type as a malignant tumor of a patient 
for treatment of whom the composition is intended; 

(iii) are autologous to said patient; and 

(iv) have been rendered incapable of growing in the body of a 
human upon injection therein; and 

(b) an adjuvant; 

wherein said composition elicits at least one of the following upon 
administration to said patient with the adjuvant: an inflammatory immune response 
against the tumor of said patient; a delayed-type hypersensitivity response against the 
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tumor of said patient, and activated T lymphocytes that infiltrate the tumor of said 
patient, wherein said malignant tumor is not melanoma. 

47. (Amended) A method of treating a malignant tumor in a human patient 
comprising co-administering to the patient 

(a) a composition comprising a therapeutically effective amount of 
human tumor cells that: 

(i) are conjugated to a hapten; 

(ii) are of the same tumor type as a malignant tumor of a patient 
for treatment of whom the composition is intended; 

(iii) are autologous to said patient; and 

(iv) have been rendered incapable of growing in the body of a 
human upon injection therein; and 

(b) an adjuvant; 

wherein said composition elicits at least one of the following upon 
administration to said patient with the adjuvant: an inflammatory immune response 
against the tumor of said patient; a delayed-type hypersensitivity response against the 
tumor of said patient and activated T lymphocytes that infiltrate the tumor of said 
patient; and 

repeating said administration at least six times at spaced apart intervals. 

49. The composition of claim 43 wherein said tumor cells are selected from 
lung, colon, breast, kidney, and prostate tumor cells. 

50. The composition of claim 43 wherein said hapten is selected from the 
group consisting of dinitrophenyl, trinitrophenyl, and N-iodoacetyl-N'-(5 sylfonic 
1-naphtyl) ethylene diamine. 
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51 . The composition of claim 43 wherein said hapten is dinitrophenyl. 



52. The composition of claim 43 further comprising an adjuvant. 

53. The composition of claim 52 wherein said adjuvant is Bacillus 
Calmette-Guerin. 

54. The composition of claim 43 further comprising a carrier. 

55. The composition of claim 54 wherein said carrier is selected from the 
group consisting of saline solution and culture medium. 

56. The method of claim 44 wherein said tumor cells are selected from lung, 
colon, breast, kidney, and prostate tumor cells. 

57. The method of claim 44, wherein said malignant tumor is from a cancer 
selected from the group consisting of lung cancer, colon cancer, breast cancer, kidney 
cancer, and prostate cancer. 

58. The method of claim 44 wherein said hapten is selected from the group 
consisting of dinitrophenyl, trinitrophenyl, and N-iodoacetyl-N'-(5-sulfonic 1-naphtyl) 
ethylene diamine. 

59. The method of claim 44 wherein said hapten is dinitrophenyl. 

60. The method of claim 44 further comprising administering a therapeutically 
effective amount of cyclophosphamide prior to administration of said composition. 
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61 . The method of claim 60 wherein said therapeutically effective amount of 
cyclophosphamide comprises administering a dose of about 300 mg/M2 of 
cyclophosphamide prior to administration of said composition. 

62. The method of claim 60 further comprising sensitizing the patient with 
a therapeutically effective amount of 1 -f luoro-2,4-dinitrobenzene prior to administering 
cyclophosphamide. 

64. The method of claim 44 wherein said adjuvant is Bacillus 
Calmette-Guerin. 

65. The method of claim 47 wherein said tumor cells are selected from 
melanoma, lung, colon, breast, kidney, and prostate tumor cells. 

66. The method of claim 47, wherein said malignant tumor is from a cancer 
selected from the group consisting of melanoma cancer, lung cancer, colon cancer, 
breast cancer, kidney cancer, and prostate cancer. 

67. The method of claim 47 wherein said hapten is selected from the group 
consisting of dinitrophenyl, trinitrbphenyl, and N-iodoacetyl-N'-(5-sulfonic 1-naphtyl) 
ethylene diamine. 

68. The method of claim 47 wherein said hapten is dinitrophenyl. 

69. The method of claim 47 further comprising administering a therapeutically 
effective amount of cyclophosphamide prior to administration of said composition. 
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70. The method of clairrK>47, further comprising administering a 
therapeutically effective amount of cyclophosphamide prior to the first administration 
of said composition. 

7 1 . The method of claim 69 wherein said therapeutically effective amount of 
cyclophosphamide comprises administering a dose of about 300 mg/M2 of 
cyclophosphamide prior to administration of said composition. 

72. The method of claim 47 further comprising sensitizing the patient with 
a therapeutically effective amount of 1 -f luoro-2,4-dinitrobenzene prior to administering 
cyclophosphamide. 

74. The method of claim 47 wherein said adjuvant is Bacillus 
Calmette-Guerin. 

75. The method of claim 47 wherein said administration prolongs survival of 
said patient. 

76. The method of claim 44, wherein said administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8 + CD4. 

77. The method of claim 47, wherein said administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8 + CD4. 
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Art Unit: 1642 

1 . The Amendment After-Final filed June 2, 200 1 (Paper No. 46) in response to 
the Office Action of November 29, 2000 (Paper No. 44) is acknowledged and has 
been entered. Previously pending claims 43 and 47 have been amended. Claims 43, 
44 } 47, 49-62, 64-72 and 74-77 are currently being examined. 

Claim Rejections - 35 USC § 103 

2. Claims 47, 65-72 and 74-77 remain rejected under 35 USC 103 for the 
reasons previously set forth in Paper No. 36, Sections 10-1 1, pages 8-15, Paper No. 
41, Sections 5-6, pages 2-4 and in Paper No. 44, Sections 5 and 6, pages 3-5. 

Applicant argues that (a) Examiner gives more weight to the Berd '89 
abstract than one of ordinary skill at the time the invention would have given it and 
the Braun Declaration sets forth that Berd '89 does not describe a successful 
immunotherapy for melanoma, (b) Applicant details the three basic criteria that must 
be met to establish a prima facie case for obviousness under 35 USC 103 and states 
that since Berd '89 fails to provide any expectation of success the reference is 
completely irrelevant and no other reference provided makes up for this flaw, (c) 
Applicant reiterates the deficiencies of Murphy, Berd '89 Geczy and Antibody 
Patents and the combination thereof. The arguments have been considered but have 
not been found persuasive (a') for the reasons previously set forth in Paper No. 41, 
Section 7, pages 4-5. The Braun Declaration has not been considered because 
Applicant has not shown good and sufficient reasons why it was not earlier 
presented, (b') the Berd '89 reference is not irrelevant for the reasons set forth 
previously and above, (c') the arguments are not persuasive for the reasons 
previously set forth 
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3. Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected under 35 USC 
103 for the reasons previously set forth in Paper No. 36, Section 12, pages 15-18, 
Paper No. 41, Section 7, pages 4-5 and in Paper No. 44, Section 7, pages 5-6. 

Applicant reiterates the arguments drawn to Wiseman and the arguments 
drawn to the combination of Berd '89, The Antibody Patents and Geczy. The 
arguments have been considered but have not been found persuasive for the reasons 
previously set forth. 

4. Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected under 35 USC 
103 for the reasons previously set forth in Paper No. 36, Section 13, pages 18-21, 
Paper No. 41, Section 8, page 6 and in Paper No. 44, Section 8, page 6. 

Applicant reiterates arguments drawn to Berd '83. The arguments have been 
considered but have not been found persuasive for the reasons previously set forth 
in Paper Nos 36, 41 and 44. 

5. Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected under 35 USC 
103 for the reasons previously set forth in Paper No. 36, Section 14, pages 21-25, 
Paper No. 41, Section 9, page 7 and in Paper No. 44, Section 9, page 7. 

Applicant reiterates the arguments previously set forth. The arguments have 
been considered but have not been found persuasive for the reasons previously set 
forth in Paper Nos 36, 41 and 44. 

6. All other objections and rejections recited in Paper No. 44 are withdrawn. 
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37 CFR 1.136(a). 
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is/are objected to. 
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* Certified copies not received: 
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1 . The Amendment filed September 27, 2000 (Paper No. 43) in response to the 
Office Action of March 22, 2000 (Paper No. 41) is acknowledged and has been 
entered. Previously pending claims 54, 55, 57, 66 and 70 have been amended. 
Claims 43, 44, 47 and 49-62, 64-72 and 74-77 are currently being examined. 

2. The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

3 . The following rejections are being maintained: 

Claim Rejections - 35 USC § 112 

4. Claims 43, 49-5 1, 54-55 remain rejected under 35 USC 1 12, first paragraph 
for the reasons previously set forth in Paper No. 41, Section 10, pages 7-8. 

Applicant argues that the composition is a useful component of a vaccine and 
that the specification enables a haptenized tumor cell composition in combination 
with an adjuvant and that for that reason both components must be enabled. 
Applicant further cites case law to demonstrate that products are useful if they serve 
as starting materials in producing other materials which are directly useful and 
therefore Examiner errs in interpreting these claims as requiring adjuvant. The 
argument has been considered but has not been found persuasive because the claims 
are not drawn to a component of a vaccine that upon addition of an adjuvant will 
elicit an immune response but rather specifically recite the limitation that upon 
injection the composition (without adjuvant) elicits an inflammatory immune 
response. For the reasons previously set forth, without an adjuvant the claim is not 
enabled. Applicant's arguments have not been found persuasive and the rejection is 
maintained. 
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Claim Rejections - 35 USC § 103 
5. Claims 47 and 65-72 and 74-77 remain rejected under 35 USC 103 for the 
reasons previously set forth in Paper No. 36, Section 10, pages 8-12 and in Paper 
No. 4 1 , Section 5 , pages 2 and 3 . 

Applicant argues (a) in order for a combination of prior art references to 
suggest a claimed invention, an objective teaching must exist in the prior art that 
would lead a skilled artisan to combine its teaching; (b) it is impermissible to use 
hindsight reconstruction to pick and choose among isolated disclosures in the prior 
art to deprecated the claimed invention, (c) Applicant takes issue with Examiner's 
contention that Applicant has argued and discussed the references individually 
without clearly addressing the combined teachings since each reference must be 
considered in its sentirely and then evaluation must be made as to whether the 
reference can be properly combined with the others and whether the combination 
suggests the claimed invention with a reasonable expecation of success (d) 
Applicant discusses the individual references, (e) Applicant reiterates the arguments 
drawn to the rejection of claims 47 and 65-76 in Paper No. 36, Section 10, pages 8- 
12. 

The arguments have been considered but have not been found persuasive (a') 
for the reasons previously set forth in Paper No. 51 on page 3, it is suggested that 
Applicant review In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 1981), (b») 
Some degree of hindsight is permissible in making rejections under 35 USC 103 
since it must be recognized that any judgment on obviousness is in a sense 
necessarily a reconstruction based upon hindsight reasoning. But, so long as it takes 
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into account only knowledge which was within the level of ordinary skill at the time 
the claimed invention was made, and does not include knowledge gleaned only from 
the applicant's disclosure, such a reconstruction is proper. In re McLaughlin , 443 
F.2d 1392, 170 USPQ 209 (CCPA 1971). It is clear that a method for treating 
melanoma comprising sensitizing with DNCB, administering a therapeutically 
effective amount of cyclophosphamide and administering a therapeutically effective 
amount of autologous, irradiated DNP-conjugated melanoma cells mixed with BCG 
was well known in the art as taught by Murphy et al and that immunization 
schedules wherein antigen is administered on a schedule of at least six times at 
spaced intervals was conventional in the art as taught by the Antibody Patents cited 
on Page 10 of Paper No. 36 and that a dose of 300 mg/M 2 was successfully 
administered prior to autologous irradiated, DNP-conjugated melanoma cells as 
taught by Berd et al and the equivalence of halogenated dinitrobenzenes for the 
elicitation of delayed hypersensitivity was known in the art as taught by Geczy et al. 
Given the information known in the art, the combined references teach not only the 
suggestion but also the means and motivation to successfully treat a malignant tumor 
in a human patient as claimed, (c') upon review and reconsideration it is found that, 
in Examiner's view, Applicant did not clearly address the combined teachings of the 
references, (d') and (e') Applicant's arguments are not persuasive for the reasons 
previously set forth. Applicant's arguments have not been found persuasive and the 
rejection is maintained. 



} 
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6. Claims 47 and 65-72 and 74-77 remain rejected under 35 USC 103 for the 
reasons previously set forth in Paper No. 36, Section 11, pages 12-15 and in Paper 
No. 41, Section 6, page 4. 

Applicant argues that for the reasons set forth above the rejection is in error 
and should be withdrawn. The argument has been considered but is not found 
persuasive for the reasons set forth above. Applicant's arguments have not been 
found persuasive and the rejection is maintained. 

7. Claims 43, 44, 47 and 49-62, 64-72 and 74-77 remain rejected for the reasons 
previously set forth in Paper No. 36, Section 12, pages 15-18 and in Paper No. 41, 

Section 7, pages 4-5. 

Applcant argues that (a) it is not expected that vaccines using other types of 
tumor cells would behave in a mechanistically similar manner to the melanoma 
vaccine described in Berd et al since Hanna et al teaches a method for treatment of 
human colon cancer using a vaccine made from irradiated human tumor cells and 
Hoover teaches that when comparing vaccines made from irradiated autologous 
cells of colon cancer patients and rectal cancer patients, only the colon cancer 
patients received benefit from the vaccine, (b) Applicant again argues that Wiseman 
does not supply the missing teaching and the "preliminary" nature of the results of 
Berd et al. 

The arguments have been considered but have not been found persuasive 
because (a') Wiseman clearly showed that autologous irradiated melanoma, lung, 
colon and kidney cancer cells were successfully used for successful immunological 
treatment of those cancers and it would have been expected that these cell types, 
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already known in the art to be useful as immunogenic cancer treatments would be 
successfully substituted for the melanoma cells of Berd et al in order to treat the 
other cancer types. The fact that a single cancer cell type is not immunogenic is not 
relevant in view of the demonstrated efficacy of the cell types of Wiseman, (b') the 
arguments are not persuasive for the reasons previously set forth.Applicanfs 
arguments have not been found persuasive and the rejection is maintained. 
8. Claims 43, 44, 47 and 49-62, 64-72 and 74-77 remain rejected for the reasons 
previously set forth in Paper No. 36, Section 13, pages 18-21 and in Paper No. 41, 
Section 8, page 6. 

Applicant argues that Berd '83 does not provide an incentive to prepare a 
haptenized tumor cell vaccine or methods of treating cancer using said vaccine. The 
argument has been noted but has not been found persuasive for the reasons 
previously set forth. Applicant is arguing this reference individually without clearly 
addressing the combined teachings. It must be remembered that the references are 
relied upon in combination and are not meant to be considered separately as in a 
vacuum. It is the combination of all of the cited and relied upon refefrences which 
made up the state of teh art with regard to the claimed invention. Applicant's 
claimed invention fails to patentably distinguish over the state of the art represented 
by the cited references taken in combination. In re Young, 403 F.2d 754, 159 USPQ 
725 (CCPA 1968); In re Keller 642 F.2d 413,208 USPQ 871 (CCPA 1981). 
Applicant's arguments have not been found persuasive and the rejection is 
maintained. 
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9. Claims 43, 44, 47 and 49-62, 64-72 and 74-77 remain rejected for the reasons 
previously set forth in Paper No. 36, Section 14, pages 21-25 and in Paper No. 41, 
Section 9, page 7. 

Applicant reiterates the arguments previously set forth. The arguments have 
been considered but have not been found persuasive for the reasons previously set 
forth. Applicant's arguments have not been found persuasive and the rejection is 
maintained. 

1 0. All other objections and rejections recited in Paper No. 4 1 are withdrawn. 

11. No claims allowed. 

12 THIS ACTION IS MADE FINAL. Applicant is reminded of the extension 
of time policy as set forth in 37 C.F.R. § 1 .136(a). 



A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS 
FINAL ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF 
THIS ACTION. IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO 
MONTHS OF THE MAILING DATE OF THIS FINAL ACTION AND THE 
ADVISORY ACTION IS NOT MAILED UNTIL AFTER THE END OF THE 
THREE-MONTH SHORTENED STATUTORY PERIOD, THEN THE 
SHORTENED STATUTORY PERIOD WILL EXPIRE ON THE DATE THE 
ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE PURSUANT 
TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE MAILING 
DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE 
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX 
MONTHS FROM THE DATE OF THIS FINAL ACTION. 

1 3. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Susan Ungar, PhD whose telephone number is 
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(703) 305-2181. The examiner can normally be reached on Monday through Friday 
from 7:30am to 4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Anthony Caputa, can be reached at (703) 308-3995. The fax 
phone number for this Art Unit is (703) 308-4242. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the Group receptionist whose telephone number is 
(703)308-0196. 

Effective, February 7, 1998, the Group and/or Art Unit location of your 
application in the PTO has changed. To aid in correlating any papers for this 
application, all further correspondence regarding this application should be directed 
to Group Art Unit 1642. 



Susan Ungar V 
Primary Patent Examiner 
November 28, 2000 
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1 . The Amendment filed November 4, 1 999 (Paper No. 38) in response to the 
Office Action of April 28, 1999 (Paper No. 36) is acknowledged and has been 
entered. The Amendment (Paper No. 39) and the Terminal Disclaimer (Paper No. 
40) filed January 14, 2000, in response to the telephone interview of January 13, 
2000 (Paper No. 38.5) have been entered Previously pending claims 63 and 73 
have been canceled, claims 44, 47, 64, 74 and 76 have been amended and new 
claim 77 has been added. Claims 43, 44, 47 49-62, 64-72 and 74-77 are currently 
being examined. 

2. The Terminal Disclaimer filed January 14, 2000 is acceptable. 

3. The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

4. The following rejections are being maintained: 

Claim Rejections - 35 USC § 103 

5 . Claims 47 and 65-76 remain rejected for the reasons previously set forth in 
Paper No. 36, Sections 10 , pages 8-12. 

Applicant argues that (a) the legal test for obviousness cannot be established 
by combining teachings of the prior art absent some teaching or suggestion 
supporting the combination. Under section 103, teachings of references can be 
combined only if there is some suggestion or incentive to do so, (b) Murphy and or 
Berd fail to teach a method of treatment for non-melanoma malignant tumors in a 
human patient, (c) the antibody patents which merely teach conventional methods 
for generating antibodies provide no missing teaching, (d) Geczy fails to provide 
any teaching pertinent to the claimed compositions and methods. 
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The arguments have been considered but have not been found persuasive 
because (a') contrary to the assertion of Applicant, the test for obviousness is not 
that the claimed invention must be expressly suggested in any one or all of the 
references; but rather the test is what the combined teachings of the references 
would have suggested to those of ordinary skill in the art, (b') Applicant is arguing 
limitations not recited in the claims as currently constituted. The claims are drawn to 
a method of treating a malignant tumor in a human patient and as broadly written, 
read on the treatment of melanoma (b'-d') Applicant has argued and discussed the 
references individually without clearly addressing the combined teachings. It must 
be remembered that the references are relied upon in combination and are not meant 
to be considered separately as in a vacuum. It is the combination of all of the cited 
and relied upon references which made up the state of the art with regard to the 
claimed invention. Applicant's claimed invention fails to patentably distinguish over 
the state of the art represented by the cited references taken in combination. In re 
Young, 403 F.2d 754, 159 USPQ 725 (CCPA 1968); In re Keller 642 F.2d 413,208 
USPQ 871 (CCPA 1981), (c') multiple immunizations are conventional in the art for 
producing all forms of immune response, (d') Geczy clearly teach the equivalence of 
CDNB and FDNB. The references teach not only the suggestion but also the means 
and motivation to successfully treat melanoma by sensitizing with FDNB and 
administering cyclophosphamide prior to administering DNP-conjugated tumor cells 
and an adjuvant, which treatment results in the claimed T-cell dependent responses. 
Applicant's arguments have not been found persuasive and the rejection is 
maintained. 
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6. Claims 47 and 65-76 remain rejected for the reasons previously set forth in 
Paper No. 36, Sections 11 , pages 12-15. 

Applicant argues that, for the reasons set forth above, the rejection is in error. 
The argument has been considered but has not been found persuasive for the 
reasons set forth above. Applicant's arguments have not been found persuasive and 
the rejection is maintained. 

7. Claims 43, 44, 47 and 49-76 remain rejected for the reasons previously set 
forth in Paper No. 36, Sections 12 , pages 15-18. 

Applicant argues that (a) there is no reasonable expectation of successfully 
implementing the vaccination program described with respect to melanoma in Berd 
to other tumor types because this reference provides "preliminary" results that "may 
represent a significant advance in the immunotherapy of human melanoma and thus 
it lacks any reasonable expectation of an effective treatment for tumors in general or 
even melanoma in particular, (b) Wiseman does not supply the missing teaching and 
teaches an alternative form of immunotherapy that depends on the route of 
administration, (c) even if combined, the lack of any reasonable expectation of 
success from the disclosure of Berd precludes determining that the invention is 
obvious. 

The arguments have been considered but have not been found persuasive 
because (a) Berd et al clearly teach that treatment of melanoma patients with 
autologous vaccine preceded by low dose CY induces DTH to melanoma cells and 
regression of metastatic tumors. The reference is specifically drawn to increasing 
the efficiency of the process by sensitizing with DNCB and immunizing with tumor 
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cells conjugated to DNP. Clearly, one would have an expectation of success since it 
was already known that immunization with tumor cells alone, after pretreatment 
with CY resulted in regression of metastatic tumors. Further, it was clearly 
demonstrated that a patient developed erthema, followed by ulceration and drainage 
of necrotic material in > 50 large dermal metastasis and that at the time of 
publication, some of the metastasis were beginning to regress, Further the reference 
specifically teaches that tumors were infiltrated with activated T lymphocytes, that 
the tumor masses developed a striking inflammatory response and that the patients 
developed DTH, (b') regardless of the route of administration, Wiseman clearly 
teaches that treatment of patients with lung, colon and kidney cancer with 
autologous tumor cell vaccine preceded by low dose CY leads to prolonged 
survival. It would have been expected that vaccines using other types of tumor 
cells, shown to effectively treat cancer, would behave in a mechanistically similar 
manner to the melanoma vaccine described in Berd et al where it was shown that 
administration of the DNP-conjugated reagent led to DHT against melanoma cells, 
infiltration of the tumors by activated T lymphocytes, inflammation in the tumor 
masses, especially in view of the fact that there is no teaching of any no 
distinguishing features of melanoma tumor cells which would lead one to expect that 
there would be a difference in the immune response to this type of tumor cell in 
particular, (c') Berd et al clearly demonstrate the successful use of the composition 
and the method. Applicant's arguments have not been found persuasive and the 
rejection is maintained. 
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8. Claims 43, 44, 47 and 49-76 remain rejected for the reasons previously set 
forth in Paper No. 36, Sections 13 , pages 18-21. 

Applicant argues that Berd, 1983 is cumulative to the teaching of Berd, 1989 
and that Berd 1983 does not supply any of the other missing teachings that are not 
supplied by the combination of Berd, the antibody Patents and Geczy and that in 
particular, the reference does not provide any teaching concerning a haptenized 
tumor cell vaccine or methods of treating cancer using such a vaccine. The 
argument has been considered but has not been found persuasive for the reasons 
drawn to the lack of persuasiveness of Applicant's arguments drawn to Berd, the 
antibody Patents and Geczy disclosed above and further because, Berd, 1983 is 
cited because it is drawn to treatment of breast cancer patients with autologous 
vaccine. The substitution of the breast cancer cells of Berd 1983 for the melanoma 
cells of Berd, 1989 in the method and composition of Berd 1989 was prima facie 
obvious for the reasons set forth in Paper No. 36. Applicant has argued and 
discussed the references individually without clearly addressing the combined 
teachings. It must be remembered that the references are relied upon in combination 
and are not meant to be considered separately as in a vacuum. It is the combination 
of all of the cited and relied upon references which made up the state of the art with 
regard to the claimed invention. Applicant's claimed invention fails to patentably 
distinguish over the state of the art represented by the cited references taken in 
combination. In re Young, 403 F.2d 754, 159 USPQ 725 (CCPA 1968); In re Keller 
642 F.2d 413,208 USPQ 871 (CCPA 1981). Applicant's arguments have not been 
found persuasive and the rejection is maintained. 
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9. Claims 43, 44, 47 and 49-76 remain rejected for the reasons previously set 
forth in Paper No. 36, Sections 14 , pages 21-25. 

Applicant argues that (a) the deficiencies of Berd, the antibody Patents and 
Geczy have been addressed above, (b) Sanda and Moody fail to supply the missing 
teachings and propose an alternative cancer therapy and neither references provides 
any motivation to decorate the tumor cells with hapten in order to elicit an effective 
immune response. The arguments have been considered but have not been found 
persuasive because (a') for the reasons set forth above, (b') the combined references 
make the invention obvious for the reasons set forth previously and in particular 
Berd supplies the motivation to "decorate the tumor cells with hapten" in order to 
elicit an effective immune response, see above. 

New Grounds of Rejection 
Claim Rejections - 35 USC § 112 
10. Claims 43, 49-5 1, 54-55 are rejected under 35 U.S.C. 1 12, first paragraph, 
because the specification, while being enabling for a composition comprising the 
claimed tumor cell conjugate and an adjuvant, does not reasonably provide 
enablement for a composition comprising the claimed tumor cell conjugate alone. 
The specification does not enable any person skilled in the art to which it pertains, 
or with which it is most nearly connected, to use the invention commensurate in 
scope with these claims. 

The claims are drawn to treatment of malignant tumors with a composition 
comprising a hapten conjugated to a tumor cell. The specification teaches a 
melanoma vaccine administered with BCG and describes immune responses to the 
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melanoma vaccine administered with BCG (page 19-43) and specifically teaches in 
the sentence bridging pages 27-28 that "all vaccines were DNP-conjugated and 
mixed with BCG". It appears that the inclusion of an adjuvant may be a critical step 
since Livingstone et al (of record) disclosed that in a melanoma vaccine using the 
GM2 ganglioside, antibody responses were not induced unless BCG was added to 
the purified GM2 vaccine (p. 2913, paragraph bridging columns 1 and 2). 

Livingstone et al also state that "adjuvants were important factors in the mouse 

studies and results of the present human trials indicate their importance in melanoma 
patients". Further, Hoover et al, of record, also used BCG as an adjuvant in a 
colorectal cancer vaccine and states that the correct amount of the appropriate 
adjuvant was a critical condition of the success of the immunotherapy (p. 1242, col 

I, para 2). Based on the teachings above and in the specification one of skill in the 
art would not expect that the claimed composition could be used as contemplated 
for the treatment of malignant tumors without specifically including an adjuvant as 
demonstrated in the specification. In view of the above, one of skill in the art would 
be forced into undue experimentation to practice the claimed invention. 

II. Claims 70 is rejected under 35 USC 1 12, first paragraph, as the specification 
does not contain a written description of the claimed invention. The limitation of 
cyclophosphamide administration "only" prior to the first administration of said 
composition has no clear support in the specification and the claims as originally 
filed. The specification teaches that cyclophosphamide is administered 3 days prior 
to each vaccine administration (p. 44, lines 26-27) but does not specifically state 
that the cyclophosphamide is only administered prior to vaccine. The subject matter 
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claimed in claims 47-58 broadens the scope of the invention as originally disclosed 
in the specification. 

12. Claims 57, 66 and 70 are rejected under 35 U.S.C. § 1 12, second paragraph, 
as being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. 

Claims 57 is indefinite because there is no antecedent basis for the term 
"cancer" in claim 44 from which claim 57 depends. 

Claim 66 is indefinite because there is no antecedent basis for the term 
"cancer" in claim 47 from which claim 66 depends. 

Claim 70 is indefinite because there is no antecedent basis for the phrase 
"wherein said therapeutically effective amount of cyclophophamide" in claim 47 
from which claim 70 depends. Further, the claim is indefinite as the term 
"cyclophophamide" appears to be a misspelling of the term cyclophosphamide. 

Claim Rejections - 35 USC § 103 
13. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 10 , pages 8-12 and above drawn to the rejection of claims 
47 and 65-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 

predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 47 and 65-76 under 35 USC 103 are relevant to the instant 
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rejection. The arguments have been considered but have not been found persuasive 
for the reasons set forth above. 

14. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 11 , pages 12-15 and above drawn to the rejection of claims 
47 and 65-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 

predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 47 and 65-76 under 35 USC 103 are relevant to the instant 
rejection. The arguments have been considered but have not been found persuasive 
for the reasons set forth above. 

15. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 12 , pages 15-18 and above drawn to the rejection of claims 

43,44, 47 and 49-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 43, 44, 47 and 49-76 under 35 USC 103 are relevant to the 
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instant rejection. The arguments have been considered but have not been found 
persuasive for the reasons set forth above. 

16. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 13 , pages 18-21 and above drawn to the rejection of claims 

43, 44, 47 and 49-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 43, 44, 47 and 49-76 under 35 USC 103 are relevant to the 
instant rejection. The arguments have been considered but have not been found 
persuasive for the reasons set forth above. 

17. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 14 , pages 21-25 and above drawn to the rejection of claims 

43, 44, 47 and 49-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 43, 44, 47 and 49-76 under 35 USC 103 are relevant to the 
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instant rejection. The arguments have been considered but have not been found 
persuasive for the reasons set forth above. 

1 8 All other objections and rejections recited in Paper No. 36 are withdrawn. 

19. No claims allowed. 

20. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Susan Ungar, PhD whose telephone number is 
(703) 305-2181. The examiner can normally be reached on Monday through Friday 

from 7:30am to 4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Paula Hutzell, can be reached at (703) 308-43 10. The fax 
phone number for this Art Unit is (703) 308-4242. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the Group receptionist whose telephone number is 
(703) 308-0196. 

Effective, February 7, 1998, the Group and/or Art Unit location of your 
application in the PTO has changed. To aid in correlating any papers for this 
application, all further correspondence regarding this application should be directed 
to Group Art Unit 1 642.. 




Susan Ungar 

Primary Patent Examiner 

March 20, 2000 
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1 . The Election filed March 15, 1999 (Paper No. 35) in response to the Office 
Action of February 1, 1999 (Paper No. 33) is acknowledged and has been entered. 
Claims 43, 44, 47 and 49-76 are pending in the application and Claims 24-35 have 
been withdrawn from further consideration by the examiner under 37 CFR 1.142(b) 
as being drawn to non-elected inventions. Claims 43, 44, 47 and 49-76 are 
currently under prosecution. 

2 Applicant's election with traverse of the species of Melanoma and DNP m 
Paper No. 35 is acknowledged. The traversal is on the ground(s) that the no 
restriction of species was made in the grandparent application, Serial No. 
07/520,649 filed May 8, 1990. The argument has been noted and found persuasive 
as drawn to the hapten species. However, the argument has not been found 
persuasive as drawn to the cancer type because a review of the cited application 
revealed that the reason that no election of species, drawn to types of cancers, was 
required was because no species were recited in the claims, further, the specification 
does not appear to be drawn to any type of cancer composition or methods of 
treatment, other than for melanoma. However, upon search of the elected species, it 
became clear that irradiated autologous cancer vaccines were well known in the art 
at the time the invention was made and that haptenization of tumor cell vaccines was 
well known, therefore there was no undue burden in the search of the species and 
the requirement is withdrawn. . 

3. The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

4. It is noted that a priority date of February 28, 1994 has been established for 
the instantly claimed application serial number 08/203,004 for all claims drawn to 
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breast, lung, colon, kidney or prostate tumors because the earlier filed applications 
do not disclose compositions comprising hapten modified tumor cell compositions 
or methods useful for the treatment of breast, lung, colon, kidney or prostate tumors. 
If applicant disagrees with any rejection set forth in this office action based on 
examiner's establishment of the priority date set forth above, applicant is invited to 
submit evidence pointing to the serial number, page and line where support can be 
found establishing an earlier priority date. 

New Grounds of Rejection 
Double Patenting 

5 Claims 47, 65-7 1 , 73, 74, 76 are rejected under the judicially created doctrine 
of obviousness-type double patenting as being unpatentable over claims 1 and 2 of 
U.S. Patent No.5,290,551 . Although the conflicting claims are not identical, they 
are not patentably distinct from each other because they relate to the same inventive 
concept. The patented claims are generic to the instant claims and render the species 
claims obvious as they have all the characteristics of a vaccine useful for the 
treatment of a malignant tumor, melanoma, in a human patient comprising irradiated 
autologous melanoma cell conjugated to a hapten selected from the group including 
DNP mixed with an immunological adjuvant wherein said immunological adjuvant 
is BCG and a method of treating melanoma comprising administering 
cyclophosphamide followed by administration of a therapeutically effective amount 
of the claimed vaccine. The limitations recited drawn to eliciting an inflammatory 
immune response against a delayed hypersensitivity response against the tumor, 
activated T lymphocytes that infiltrate the tumor wherein the T lymphocytes are 
predominantly CD8+CD4- are inherent properties of the method since the 
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population that is treated and the method steps recited in US Patent No. 
No.5,290,551 are the same as those of the instant claims. Thus, because the method 
of the patent comprises the same method steps as claimed in the instant invention, 
with the same population, the claimed method is made obvious because the method 
will inherently lead to eliciting an inflammatory immune response against a delayed 
hypersensitivity response against the tumor, activated T lymphocytes that infiltrate 
the tumor wherein the T lymphocytes are predorninantly CD8+CD4-. See Ex parte 
Novitski 26 USPQ 1389 (BPAI 1993). Further, the recitation of repetition of 
aaniinistration of the vaccine at least six times at spaced apart intervals in claim 47 
does not render the claims unobvious because immimization schedules requiring 
administration of antigen at least six times at spaced intervals are conventional in the 
immunostimulation arts as demonstrated by the teaching in US Patent No. 5,702,704 
(col 20, lines 12-26), No. 5,626,843 (col. 4, lines 28-38), No. 5,008,183 col 5 lines 
48-54), No. 4,232,001 (col 5, lines 25-27) which all teach immunization with at 
least six booster injections of antigen. Although the teaching is drawn to the 
antibody art, it is well known that T cells must be stimulated in order to produce the 

detected antibodies. 

Applicant's argument in Paper No. 32 drawn to claims 47 and 76 are relevant 
to the instant rejection. Applicant argues that claim 47 calls for treating cancer by 
administering human tumor cells by repeating administration at least 6 times and 
claim 76 claims that adrninistration elicits predominantly CD4-CD8+ T lymphocytes 
and that these claims are not suggested by the claims of the '55 1 patent. The 
argument has been noted but has not been found persuasive for the reasons stated 
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above, that is that the 6 time repetition is conventional in the immunostimulation art 
and that the CD4-CD8+ limitation is an inherent property of the method. 

Claim Rejections - 35 USC § 112 
6. Claims 44, 47, 56-62, 65-72 and 75-76 are rejected under 35 U.S.C. 1 12, first 
paragraph, because the specification, while being enabling for a method of treating a 
malignant tumor in a human patient comprising adimnistering the composition of 
claim 43 and BCG, does not reasonably provide enablement for treatment a 
malignant tumor in a human patient without administering an BCG in combination 
with the claimed composition. The specification does not enable any person skilled 
in the art to which it pertains, or with which it is most nearly connected, to use the 
invention commensurate in scope with these claims. 

The claims are drawn to treatment of malignant tumors with a composition 
comprising a hapten conjugated to a tumor cell. The specification teaches a 
melanoma vaccine administered with BCG and describes immune responses to the 
melanoma vaccine administered with BCG (page 19-43) and specifically teaches in 
the sentence bridging pages 27-28 that "all vaccines were DNP-conjugated and 
mixed with BCG". It appears that the inclusion of the adjuvant may be a critical 
step since Livingstone et al (of record) disclosed that in a melanoma vaccine using 
the GM2 ganglioside, antibody responses were not induced unless BCG was added 
to the purified GM2 vaccine (p. 2913, paragraph bridging columns 1 and 2). 

Livingstone et al also state that "adjuvants were important factors in the mouse 

studies and results of the present human trials indicate their importance in melanoma 
patients". Hoover et al, of record, also used BCG as an adjuvant in a colorectal 
cancer vaccine and states that the correct amount of the appropriate adjuvant was a 
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critical condition of the success of the immunotherapy (p. 1242, col 1, para 2). 
Based on the teachings above and in the specification one of skill in the art would 
not expect that the claimed method would be effective in treating cancer with DNP- 
conjugated vaccines without specifically including BCG as demonstrated in the 
specification. In view of the above, one of skill in he art would be forced into undue 
experimentation to practice the claimed invention 

7 Claim 73 is rejected under 3 5 USC 1 1 2, fourth paragraph because it does not 
further limit claim 47 from which it depends. 

Claim Rejections - 35 USC § 102 
8. Claim 76 is rejected under 35 U.S.C. § 102(a) as being anticipated by 
Murphy et al, of record. 

The claim is drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said adrninistration eliciting T lymphocytes that infiltrate the tumor and that 
are predominantly CD8+CD4-. 

Murphy et al teach a method for treating melanoma comprising administering 
a therapeutically effective amount of autologous, irradiated DNP-conjugated 
melanoma cells. Although the reference does not disclose, the elicitation oft 
lymphocytes that infiltrate the tumor and are predominantly CD8+CD4-, the method 
of the prior art comprises the same method steps as claimed in the instant invention, 
that is, a&mnistering to the patient a composition comprising a therapeutically 
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effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection to 
the same population, thus the claimed method is anticipated because the method will 
inherently lead to eliciting T lymphocytes that infiltrate the tumor and that are 
predominantly CD8+CD4-. See Fv parte Novitski 26 USPQ 1389 (BPAI 1993). 

Applicant's arguments in Paper No. 32 drawn to the rejection of claim 76 
under 35 USC 102(a) are relevant to the instant rejection. Applicant argues that 
new claim 76 calls for a method of treating cancer by administering hapten- 
conjugated human tumor cells wherein said administering elicits predominantly 
CD4-CD8+ T lymphocytes and the Murphy et al paper does not disclose this 
limitation. The argument has been noted but has not been found persuasive for the 
reasons disclosed above, that is that the elicitation of specific T lymphocytes that 
infiltrate the tumor is an inherent property of the method. 

9. Claim 76 is rejected under 35 U.S.C. § 102(b) as being anticipated by Berd et 
al., Proc. AACR, 1989, 30:382, of record. 

The claim is drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said administration eliciting T lymphocytes that infiltrate the tumor and that 
are predominantly CD8+CD4-. 
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Berd et al teach a method for treating melanoma comprising administering a 
therapeutically effective amount of autologous, irradiated DNP-conjugated 
melanoma cells. Although the reference does not disclose, the elicitation of the T 
lymphocytes that infiltrate the tumor and are predominantly CD8+CD4-, the method 
of the prior art comprises the same method steps as claimed in the instant invention, 
that is, administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection, to 
the same population, thus the claimed method is anticipated because the method will 
inherently lead to eliciting T lymphocytes that infiltrate the tumor and that are 
predominantly CD8+CD4-. See Kx parte Novitski 26 USPQ 1389 (BPAI 1993). 

Applicant's arguments in Paper No. 32 drawn to the rejection of claim 76 
under 35 USC 102(b) are relevant to the instant rejection. Applicant argues that 
new claim 76 calls for a method of treating cancer by administering hapten- 
conjugated human tumor cells wherein said a&ninistering elicits predominantly 
CD4-CD8+ T lymphocytes and the Berd et al does not disclose this limitation. The 
argument has been noted but has not been found persuasive for the reasons 
disclosed above, that is that the elicitation of specific T lymphocytes that infiltrate 
the tumor is an inherent property of the method. 

Claim Rejections - 35 USC § 103 
10. Claims 47, 65-76 are rejected under 35 U.S.C. § 103 as being unpatentable 
over Murphy et al, of record draw to claim 76 in view of US Patent No. 5,702,704, 



Serial No: 08/203,004 Page9 
Art Unit: 1642 

No. 5,626,843, No. 5,008,183 or No. 4,232,001 and Berd et al., Proc. AACR, 1989, 
30:382, of record and Geczy et al, of record. 

The claims are drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said composition eliciting at least one of the following upon administration 
to said patient with an adjuvant: an inflammatory immune response against the 
tumor; a delayed-type hypersensitivity response against the tumor; and activated T 
lymphocytes that infiltrate the tumor and repeating said administration at least six 
times at spaced apart intervals, wherein said tumor cells are selected from a group 
including melanoma, wherein the treating is useful for treatment of cancer selected 
from a group including melanoma, wherein said hapten is selected from the group 
including DNP, wherein the method further comprises administering a 
therapeutically effective amount of cyclophosphamide prior to administration of said 
composition, wherein the dose is about 300 mg/M 2 , wherein the patient is sensitized 
with l-fluoro-2,4-nitrobenzene prior to administration of cyclophosphamide wherein 
the composition comprises an adjuvant, BCG, wherein the life of the patient is 
prolonged, wherein the administration elicits T lymphocytes that infiltrate the tumor 
of said human, said lymphocytes being predominantly CD8+CD4-. 

Murphy et al teach as set forth above and further teach a method for treating 
melanoma comprising sensitizing with DNCB, a&mnistering a therapeutically 
effective amount of cyclophosphamide and administering a therapeutically effective 
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amount of autologous, irradiated DNP-conjugated melanoma cells mixed with the 
adjuvant BCG. Murphy et al teach as set forth above but do not teach a method 
wherein the vaccine is boosted at least six times at spaced intervals, the 
administration of 300 mg/M 2 of cyclophosphamide, prior sensitization with 1-fluoro- 
2,4-nitrobenzene or eliciting at least one of the following upon administration to said 
patient with an adjuvant: an inflammatory immune response against the tumor; a 
delayed-type hypersensitivity response against the tumor; and activated T 
lymphocytes that infiltrate the tumor or wherein the administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-, wherein the life of the patient is prolonged. 

US Patent No. 5,702,704 (col 20, lines 12-26), No. 5,626,843 (col. 4, lines 
28-38), No. 5,008,183 col 5 lines 48-54), No. 4,232,001 (col 5, lines 25-27) all 
teach conventional immunization schedules wherein antigen administration is 
repeated at least six times at spaced intervals. 

Berd et al teach a successful method of treating melanoma wherein a 
therapeutically effective amount of cyclophosphamide, 300 mg/M 2 of 
cyclophosphamide, is administered prior to autologous, irradiated, DNP-conjugated 
melanoma cells. 

Geczy et al teach that halogenated dinitrobenzenes such as 1-chloro- and 1- 
fluoro-2,4-dinitrobenzene are commonly used to elicit delayed hypersensitivity (p. 
189, para 1). 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to combine the methods of Murphy et al and the 
cited patents because it is clearly conventional to repeat antigen adrninistration at 
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least six times at spaced intervals. Although the teaching is drawn to the antibody 
art, it is well known that T lymphocytes must be stimulated in order to produce the 
detected antibodies. One of ordinary skill in the art at the time would have expected 
to successfully use the method with the conventional immunization schedule. 
Further, although the limitations drawn to an inflammatory immune response against 
the tumor, a delayed-type hypersensitivity response against the tumor and activated 
T lymphocytes that infiltrate the tumor wherein the administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4- are not recited in the reference, the method of the prior 
art comprises the same method steps as claimed in the instant invention, to treat the 
same population, thus the claimed method is anticipated because the method will 
inherently lead to an inflammatory immune response against the tumor, a delayed- 
type hypersensitivity response against the tumor and activated T lymphocytes that 
infiltrate the tumor wherein the aa^ninistration elicits T lymphocytes that infiltrate 
the tumor of said human, said lymphocytes being predominantly CD8+CD4-. See 
Fx parte Novitski 26 USPQ 1389 (BPAI 1993). Further, it would have been prima 
facie obvious to one of ordinary skill in the art at the time the invention was made to 
use a dose of 300 mg/M 2 of cyclophosphamide in the method of Murphy et al 
because Berd et al teach that the dose is therapeutically effective in a method which 
uses the same haptenized melanoma cells with the same population of patients. One 
of ordinary skill in the art would have expected to successfully use the method of 
Murphy with a dosage of 300 mg/M 2 of cyclophosphamide because Berd et al 
demonstrated the successful use of the method. Finally, it would have been prima 
facie obvious to substitute DNFB for the DNCB of Murphy et al because Geczy et 
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al teach that halogenated dinitrobenzenes such a 1-chloro- and l-fluoro-2,4, 
dinitrobenzenes are commonly used to elicit delayed hypersensitivity and are clearly 
closely related haptenic molecules which function to produce the same effects and 
are therefore functionally equivalent. Finally, as drawn to prolonged survival, the 
claimed method appears to be the same as that of the prior art method absent a 
showing of unobvious differences. The office does not have the facilities for 
exainining and comparing applicant's method with the method of the prior art in 
order to establish that the method of the prior art does not possess the same 
material structural and functional characteristics of the claimed method. In the 
absence of evidence to the contrary, the burden is upon the applicant to prove that 
the method of the prior art does not result in prolonged survival of the patient and is 
functionally different than the method taught by the prior art and to establish 
patentable differences. See In re Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) 
and Ex parte Gray, 10 USPQ 2d 1922 1923 (PTO Bd. Pat.App. & Int.). 

Applicant's arguments drawn to the rejection of claims 47, 65-71, 73 and 74 
in Paper No. 32 are relevant to the instant rejection. 

Applicant argues that claims 47, 65-71, 73 and 74 are not anticipated by 
Murphy et al because claims 65-71, 73 and 74 depend from claim 47. The argument 
has been noted but has not been found persuasive for the reasons disclosed above. 
1 1 . Claims 47, 65-76 are rejected under 35 U.S.C. § 103 as being unpatentable 
over Berd et al., Proc. AACR, 1989, 30:382, of record, in view of US Patent No. 
5,702,704, No. 5,626,843, No. 5,008,183 or No. 4,232,001 and Geczy et al, of 
record. 
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The claims are drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said composition eliciting at least one of the following upon adrmnistration 
to said patient with an adjuvant: an inflammatory immune response against the 
tumor; a delayed-type hypersensitivity response against the tumor; and activated T 
lymphocytes that infiltrate the tumor and repeating said adrninistration at least six 
times at spaced apart intervals, wherein said tumor cells are selected from a group 
including melanoma, wherein the treating is useful for treatment of cancer selected 
from a group including melanoma, wherein said hapten is selected from the group 
including DNP, wherein the method further comprises administering a 
therapeutically effective amount of cyclophosphamide prior to aa^ninistration of said 
composition, wherein the dose is about 300 mg/M 2 , wherein the patient is sensitized 
with l-fluoro-2,4-nitrobenzene prior to a&ninistration of cyclophosphamide wherein 
the composition comprises an adjuvant, BGC, wherein the administration prolongs 
survival of said patient wherein the administration elicits T lymphocytes that 
infiltrate the tumor of said human, said lymphocytes being predominantly 
CD8+CD4-. 

Berd et al teach a method for treating melanoma comprising sensitizing with 
DNCB, ao^ninistering 300 mg/M 2 of cyclophosphamide prior to adinmistering a 
therapeutically effective amount of autologous, irradiated DNP-conjugated 
melanoma cells mixed with the adjuvant BCG wherein the patients are sensitized 
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with DNCB prior to cyclophosphamide administration. Berd et al teach as set forth 
but do not teach a method wherein the vaccine is boosted at least six times at spaced 
intervals or eliciting at least one of the following upon administration to said patient 
with an adjuvant: an inflammatory immune response against the tumor; a delayed- 
type hypersensitivity response against the tumor; and activated T lymphocytes that 
infiltrate the tumor or wherein the administration elicits T lymphocytes that infiltrate 
the tumor of said human, said lymphocytes being predominantly CD8+CD4- or that 
the adininistration prolongs survival of the patient. 

US Patent No. 5,702,704, No. 5,626,843, No. 5,008,183 and No. 4,232,001 
and Geczy et al teach as set forth above. 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to combine the methods of Berd et al and the cited 
patents because it is clearly conventional to repeat antigen adniinistration at least six 
times at spaced intervals. Although the teaching is drawn to the antibody art, it is 
well known that T lymphocytes must be stimulated in order to produce the detected 
antibodies. One of ordinary skill in the art at the time would have expected to 
successfully use the method with the conventional immunization schedule. Further, 
although the limitations drawn to an inflammatory immune response against the 
tumor, a delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. are not recited in the reference, the method of the prior 
art comprises the same method steps as claimed in the instant invention, and the 
same population, thus the claimed method is anticipated because the method will 
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inherently lead to an inflammatory immune response against the tumor, a delayed- 
type hypersensitivity response against the tumor and activated T lymphocytes that 
infiltrate the tumor wherein the administration elicits T lymphocytes that infiltrate 
the tumor of said human, said lymphocytes being predominantly CD8+CD4-.. See 
Fy parte Novitski 26 USPQ 1389 (BPAI 1993). It would have beenprima facie 
obvious to substitute DNFB for the DNCB of Berd et al because Geczy et al teach 
that halogenated dinitrobenzenes such a 1-chloro- and l-fluoro-2,4, dinitrobenzenes 
are commonly used to elicit delayed hypersensitivity and are clearly closely related 
haptenic molecules which function to produce the same effects and are therefore 
functionally equivalent. Finally, as drawn to prolonged survival, the claimed method 
appears to be the same as that of the prior art method absent a showing of 
unobvious differences. The office does not have the facilities for examining and 
comparing applicant's method with the method of the prior art in order to establish 
that the method of the prior art does not possess the same material structural and 
functional characteristics of the claimed method. In the absence of evidence to the 
contrary, the burden is upon the applicant to prove that the method of the prior art 
does not result in prolonged survival of the patient and is functionally different than 
the method taught by the prior art and to establish patentable differences. See In re 
Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) and Ex parte Gray, 10 USPQ 2d 
1922 1923 (PTO Bd. Pat.App. & Int.). 

12. Claims 43, 44, 47 and 49-76 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Berd et al., Proc. AACR, 1989, 30:382, of record, in view of US 
Patent No. 5,702,704, No. 5,626,843, No. 5,008,183 or No. 4,232,001 and Geczy 
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et al, of record, as applied to claims 47, 65-76 and further in view of Wiseman et al 
(Western J. Med., 1989, 151:283-288). 

The claims are drawn to a composition comprising human tumor cells that are 
conjugated to a hapten, are of the same tumor type as a malignant tumor of a patient 
for whom treatment with the composition is intended, are autologous to said patient, 
have been rendered incapable of growing in the body of a human upon injection 
therein said composition eliciting an inflammatory immune response against the 
tumor wherein the tumor is not melanoma, a method for treating a malignant tumor 
in a human patient comprising administering said composition to the patient wherein 
said composition elicits, following administration of said composition with an 
adjuvant, BCG at least one of an inflammatory response- against the tumor, a 
delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the tumor cells are selected from lung, 
colon and kidney, wherein said hapten is selected from the group including DNP 
and TNP, wherein the composition further comprises a carrier which is a saline 
solution or culture medium, wherein the method is useful for the treatment of lung 
cancer, colon cancer, or kidney cancer, wherein the method further comprises 
administering a therapeutically effective amount of cyclophosphamide, 300 mg/M 2 , 
further comprising sensitizing the patient to a therapeutically effective amount of 1- 
fluoro-2,4, dinitrobenzene prior to administering cyclophosphamide, wherein said 
administration prolongs survival of the patient, wherein said ao^ninistration elicits T 
lymphocytes that infiltrate the tumor said lymphocytes being predominantly 
CD8+CD4. 
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Berd et al (1989) record, in view of US Patent No. 5,702,704, No. 
5,626,843, No. 5,008,183 or No. 4,232,001, and Geczy et al teach as set forth 
above but the combined references do not teach a composition or method of 
treatment wherein the tumor cells are kidney, colon, lung or wherein the cancer 
treated is kidney cancer, colon cancer or lung cancer. 

Wiseman et al teaches compositions comprising autologous irradiated 
melanoma cancer cells, lung cancer cells, colon cancer cells and kidney cancer cells 
which are administered to treat patients with melanoma, lung cancer, colon cancer, 
and kidney cancer (Table 3, page 285), respectively wherein the patients were 
pretreated with 300 mg/M 2 cyclophosphamide (see abstract - Drug Table) wherein 
the patients showed increased immunological responses to the cancer (see abstract) 
wherein patients with, lung cancer, colon cancer, and kidney cancer all showed 
prolonged survival (Table 3, page 285). 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to substitute the lung cancer cells, colon cancer 
cells or kidney cancer cells of Wiseman et al in the method of Berd et al because 
each of these cell types had been demonstrated to be immunogenic and to elicit 
responses in the respective cancer patients and because Berd et al teaches that 
haptenizing cancer cells increases the efficiency of the immunizing process. One of 
ordinary skill in the art at the time the invention was made would have been 
motivated to substitute the tumor cells of Wiseman et al into the method of Berd et 
al because Wiseman et al teach that their method prolongs survival in some cases 
and Berd et al teach that their method increases efficiency of the immunization 
process, thus increased efficiency would be expected to result in increased treatment 
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efficacy. Further, as drawn to claims 54-55, it is clearly obvious to include a saline 
carrier in a composition which is prepared for in vivo administration because it has 
been held by the Court that a compound and a carrier are obvious, if it is obvious in 
the art to utilize a carrier with related compounds. See In re Rosicky, 125 USPQ 
341 (CCPA 1960). Finally, as drawn to the limitations including, eliciting an 
inflammatory immune response against the tumor, at least one of an inflammatory 
response against the tumor, a delayed-type hypersensitivity response against the 
tumor and activated T, elicits T lymphocytes that infiltrate the tumor said 
lymphocytes being predominantly CD8+CD4, the claimed compositions and 
methods of treatment appear to be the same or similar to those of the combined 
references absent a showing of unobvious differences. The office does not have the 
facilities for examining and comparing applicant's product or methods with the 
product or methods of the combined prior art in order to establish that the product or 
methods of the combined prior art does not possess the same material structural and 
functional characteristics of the claimed product or methods. In the absence of 
evidence to the contrary, the burden is upon the applicant to prove that the claimed 
products and methods are functionally different than those taught by the combined 
prior art and to establish patentable differences. See In re Best, 562 F.2d 1252, 195 
USPQ 430 (CCPA 1977) and Ex parte Gray, 10 USPQ 2d 1922 1923 (PTO Bd. 
Pat.App. & Int.). 

13. Claims 43, 44, 47 and 49-76 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Berd et al. (1989) of record, in view of US Patent No. 5,702,704, 
No. 5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, of record, as applied 
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to claims 43, 44, 47 and 49-76 and further in view of Berd et al (Proc. Am. Soc. 
Clin. Oncol., 1983, Vol 2:56) 

The claims are drawn to a composition comprising human tumor cells that are 
conjugated to a hapten, are of the same tumor type as a malignant tumor of a patient 
for whom treatment with the composition is intended, are autologous to said patient, 
have been rendered incapable of growing in the body of a human upon injection 
therein said composition eliciting an inflammatory immune response against the 
tumor wherein the tumor is not melanoma, a method for treating a malignant tumor 
in a human patient comprising administering said composition to the patient wherein 
said composition elicits, following administration of said composition with an 
adjuvant, BCG at least one of an inflammatory response against the tumor, a 
delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the tumor cells are selected from the 
group including breast, wherein said hapten is selected from the group including 
DNP and TNP, wherein the composition further comprises a carrier which is a 
saline solution or culture medium, wherein the method is useful for the treatment of 
breast cancer wherein the method further comprises adrninistering a therapeutically 
effective amount of cyclophosphamide, 300 mg/M 2 , further comprising sensitizing 
the patient to a therapeutically effective amount of l-fluoro-2,4, dinitrobenzene prior 
to administering cyclophosphamide, wherein said administration elicits T 
lymphocytes that infiltrate the tumor said lymphocytes being predominantly 
CD8+CD4-. 

Berd et al., (1989) of record, in view of US Patent No. 5,702,704, No. 
5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, of record, as applied to 
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claims 43, 44, 47 and 49-76 teach as set forth above but the combined references do 
not teach a composition or method of treatment wherein the tumor cells are breast or 
wherein the cancer treated is breast cancer or wherein the life of the patient is 
prolonged. 

Berd et al (1983) teach a composition and a method for the treatment of 
breast carcinoma comprising ao^ninistration of autologous tumor cell/BCG preceded 
by cyclophosphamide which administration resulted in delayed-type hypersensitivity 
in 5 patients. 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to substitute the breast cancer cells of Berd et al 
(1983) in the method of Berd et al (1989) because this cell type had been 
demonstrated to be immunogenic and to elicit responses in the breast cancer patients 
and one of ordinary skill in the art would have been motivated to substitute the 
breast cancer cells of Berd et al (1983) in the method of Berd et al (1989) because 
Berd et al teaches that haptenizing cancer cells increases the efficiency of the 
immunizing process, thus increased efficiency would be expected to result in 
increased treatment efficacy. Further, as drawn to claims 54-55, it is clearly obvious 
to include a saline carrier in a composition which is prepared for in vivo 
administration because it has been held by the Court that a compound and a carrier 
are obvious, if it is obvious in the art to utilize a carrier with related compounds. 
See In re Rosicky, 125 USPQ 341 (CCPA 1960). Finally, as drawn to the 
limitations including, eliciting an inflammatory immune response against the tumor, 
at least one of an inflammatory response against the tumor, a delayed-type 
hypersensitivity response against the tumor and activated T, elicits T lymphocytes 
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that infiltrate the tumor said lymphocytes being predominantly CD8+CD4 and 
administration leading to prolonged survival of the patient, the claimed 
compositions and methods of treatment appear to be the same or similar to those of 
the combined references absent a showing of unobvious differences. The office does 
not have the facilities for examining and comparing applicant's product or methods 
with the product or methods of the combined prior art in order to establish that the 
product or methods of the combined prior art does not possess the same material 
structural and functional characteristics of the claimed product or methods. In the 
absence of evidence to the contrary, the burden is upon the applicant to prove that 
the claimed products and methods are functionally different than those taught by the 
combined prior art and to establish patentable differences. See In re Best, 562 F.2d 
1252, 195 USPQ 430 (CCPA 1977) and Ex parte Gray, 10 USPQ 2d 1922 1923 
(PTO Bd. Pat.App. & Int. Finally although the reference does not specifically teach 
irradiation of the tumor cells prior to adrmnistration, it is clear that it would have 
been prima facie obvious and one of ordinary skill in the art would have been 
motivated to treat the cells to prevent their growth in a body prior to aoministration, 
in order to prevent exogenously derived cancer in the patient. 
14. Claims 43, 44, 47 and 49-76 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Berd et al., Proc. AACR, 1989, 30:382, of record, in view of US 
Patent No. 5,702,704, No. 5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, 
of record, as applied to claims 43, 44, 47 and 49-76 and further in view of Sanda et 
al (J. Cellular Biochem. Suppl. No. 17, Part D, p. 120) and Moody et al (J. Urol., 
1991, 145.293A). 
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The claims are drawn to a composition comprising human tumor cells that are 
conjugated to a hapten, are of the same tumor type as a malignant tumor of a patient 
for whom treatment with the composition is intended, are autologous to said patient, 
have been rendered incapable of growing in the body of a human upon injection 
therein said composition eliciting an inflammatory immune response against the 
tumor wherein the tumor is not melanoma, a method for treating a malignant tumor 
in a human patient comprising a&iiinistering said composition to the patient wherein 
said composition elicits, following administration of said composition with an 
adjuvant, BCG at least one of an inflammatory response against the tumor, a 
delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the tumor cells are prostate, wherein 
said hapten is selected from the group including DNP and TNP, wherein the 
composition further comprises a carrier which is a saline solution or culture medium, 
wherein the method is useful for the treatment prostate cancer, wherein the method 
further comprises administering a therapeutically effective amount of 
cyclophosphamide, 300 mg/M 2 , further comprising sensitizing the patient to a 
therapeutically effective amount of l-fluoro-2,4, dinitrobenzene prior to 
administering cyclophosphamide, wherein the life of the patient is prolonged, 
wherein said administration elicits T lymphocytes that infiltrate the tumor said 
lymphocytes being predominantly CD8+CD4-. 

Berd et al. (1989), of record, in view of US Patent No. 5,702,704, No. 
5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, of record, as applied to 
claims 43, 44, 47 and 49-76 teach as set forth above but the combined references do 
not teach a composition or method of treatment wherein the tumor cells are prostate 
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or wherein the cancer treated is prostate cancer or wherein the life of the patient is 
prolonged. 

Moody et al (J. Urol., 1991, 145:293A) teach that lymphokine-transfected 
prostate cells generate an anti-tumor effect in vivo against rapidly growing rat 
prostate carcinoma induced by autologous, cells that were not transfected. 

Sandra et al addressed the feasibility of gene therapy for human prostate 
cancer by demonstrating that retroviral vector MFG allows high efficiency 
transduction of human prostate cancer cells which was demonstrated in primary 
culture prostate cancer cells from 7 consecutive patients which demonstrates the 
feasibility of using MFG in genetic therapy for prostate cancer (see abstract). 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made.to substitute the prostate cancer cells of Sandra et 
al, transfected with lymphokine in the method of Moody et al for the melanoma cells 
in the method of Berd et al because Moody et al have demonstrated in an 
appropriate animal model that lymphokine-transfected prostate cells generate an 
anti-tumor effect in vivo against rapidly growing prostate carcinoma and because 
Sandra et al have demonstrated the feasibility of gene therapy for human prostate 
cancer by demonstrating the successful transfection of human prostate cancer cells 
with retroviral vector MFG. One of ordinary skill in the art would have been 
motivated to substitute the prostate cancer cells of Sandra et al, transfected with 
lymphokine in the method of Moody et al for the melanoma cells in the method of 
Berd et al because autologous anti-cancer cell vaccination was known to those of 
ordinary skill in the art and because Berd et al teach that the method that 
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haptenizing cancer cells increases the efficiency of the immunizing process, thus 
increased efficiency would be expected to result in increased treatment efficacy. 
Further, as drawn to claims 54-55, it is clearly obvious to include a saline carrier in 
a composition which is prepared for in vivo administration because it has been held 
by the Court that a compound and a carrier are obvious, if it is obvious in the art to 
utilize a carrier with related compounds. See In re Rosicky, 125 USPQ 341 (CCPA 
1960). Finally, as drawn to the limitations including, eliciting an inflammatory 
immune response against the tumor, at least one of an inflammatory response 
against the tumor, a delayed-type hypersensitivity response against the tumor and 
activated T, elicits T lymphocytes that infiltrate the tumor said lymphocytes being 
predominantly CD8+CD4 and administration leading to prolonged survival of the 
patient, the claimed compositions and methods of treatment appear to be the same 
or similar to those of the combined references absent a showing of unobvious 
differences. The office does not have the facilities for examining and comparing 
applicant's product or methods with the product or methods of the combined prior 
art in order to establish that the product or methods of the combined prior art does 
not possess the same material structural and functional characteristics of the claimed 
product or methods. In the absence of evidence to the contrary, the burden is upon 
the applicant to prove that the claimed products and methods are functionally 
different than those taught by the combined prior art and to establish patentable 
differences. See In re Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) and Ex 
parte Gray, 10 USPQ 2d 1922 1923 (PTO Bd. Pat.App. & Int. Although neither the 
Moody et al or Sandra et al reference specifically teaches irradiation of the tumor 
cells prior to administration, it is clear that it would have been prima facie obvious 
and one of ordinary skill in the art would have been motivated to treat the cells to 
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prevent their growth in a body prior to administration, in order to prevent 
exogenously derived cancer in the patient. 

15. If applicant disagrees with any rejection set forth in this office action based 
on examiner's establishment of a priority date of February 28, 1994 for the instantly 
claimed application serial number 08/203.004, applicant is invited to submit 
evidence pointing to the serial number, page and line where support can be found 
establishing an earlier priority date. 

16. No claims allowed. 

17. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Susan Ungar, PhD whose telephone number is 
(703) 305-21 81 . The examiner can normally be reached on Monday through Friday 

from 7:30am to 4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Paula Hutzell, can be reached at (703) 308-4310. The fax 
phone number for this Art Unit is (703) 308-4242. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the Group receptionist whose telephone number is 
(703) 308-0196. 

Effective, February 7, 1998, the Group and/or Art Unit location of your 
application in the PTO has changed. To aid in correlating any papers for this 
application, all further correspondence regarding this application should be directed 
to Group Art Unit 1642. 

fosanUnj^ 6 * * 
April 26, 1999 
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407 MATURE TERATOMA IN THE LUNG FOLLOWING GONADAL 

TERATOCARCINOMA. C.A. Moran and D. Cancr. Yale 
University School of Medicine. New Haven. Ci. 

Three cases in which mature teratomas were (he only 
pulmonary manifestation of metastases from Gonadal 
tcratocarcinomas - Embryonal carcinoma & Teratoma - were 
found in the file, of the Yale-New Haven Hospital. The patients 

o7£rmcd mCn Tk 26 ' ^ 58 ^ ° f ^ " hcn orchiectomy wal 
performed The pr.mary tumors each contained a prominent 
embryonal carcinoma component as well as elements of mature 
and -mmaiure teratoma. .The interval f r0 m orchiectomy o 
appearance of pulmonary metastases was less than 4 months and 
chemotherapy was given prior to removal of the pulmonary 
metastases m all cases. Two underwent thoracotomy promptly 
but the interval was 9 years in the other. In two. the lesions were 
solitary; the resection at 9 years contained multiple lesions All 
were solid and cystic grossly and entirely mature 
microscopically. Dermal and m ucin-sccrct ing glandular 

epithelium predominated in the cystic areas; fibrous stroma was 
the predominant feature of the solid areas. Bronchial 
differentiation, winch is usually a component of primary mature 
and immature teratomas of the lung, was not evident. The course 
<n all cases has been indolent with none of the patients showing 
manifestations of disease at this time. 
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410* DETECTION OF DdMUNOGLOBinjv n~y 

UTILIZATION BY IN StTU HYBRmiZATlON OSHl SSS 
OLIGONUCLEOTIDE PROBES ™ WlTH 

J-D. MueUcr, AJL Long*. KJ. Borretf. R.S. Schwurtt* HJ W«nfi. 

Hematolofly-Oocology. *DepC of Internal Med£nT DivUST „r 
of ^JZZfZ UUle K° rm ? ion «n«rning the exprcased Ig repertoire 

££l£ ^ £. nC (tUSuhc% and 2 ^dividual hypcrUriable reSow 
^in.if tenmnal deoxynucleolidyl tronaftrnse. CeEweTe 

^r^s^^f est* ° f s 
2sr sr^r ™ f= ^ assarts 

repertoire of human immunoglobulin g*n« in normal andX^ed 



408 IMACE ANALYSIS Or NUCLEOLI AND NUCLEOLAR ORCANIZ INC 

RECIONS IN PROSTATIC HYPERPLASIA. PIN, AND PROSTATIC 
CARCINOMA. F . Mo 9 tofi, I. Sescerhenn, R. Becker, T. Lin 
and C. Davie. Armed Forces Institute of Patholoev 
Washington, DC 

Nucleolar organizing regions (NORs) are structures on 
short arms of chroioosomes 13, u, 15, 21, and 22. These are 
beUeved to be associated with genes Involving rRNA trans- 
cription during the late interphase. NORs can be 
demonstrated in forma Un- fixed , paraffin-embedded tissue by 
use of colloidal sliver stains. In normal cells, only one 
or two of these are visible. NOR counts have been used to 
differentiate bet^n benign and malignant lesions. 

We studied 20 prostates exhibiting areas of hyperplasia 

(7tX lv V arCln0ina (PCa) and """epithelial neoplasia 

PIN) We counted 50 nuclei from each area of hyperplasia 
100 of each PCa area, and 100 from each PIN area Xe ' 
measurement was carried out using Letcz-TAS system and 
- : :ermmed the total combined area of nucleoli and NORs per 
nucleus The pooled data of hyperplasia differed from 

.-.l differed only slightly from those of the Invasive 
circi.nomas. The det ermlnj t ion ot NORs U an objective 
^:.io.i zo differentiate PIN from hyperplasia. The 
impression, gained on H-E stained sections and Immuno- 
?a:holo 3 y, that PIN is related to carcinoma is further 
supported by the NOR values which suggest proliferative 
act.v lC y similar to that of carcinomas. 



411 DETECTION OF HUMAN T-CELL LEUKEMIA VIRUS TYpp 
TlsqilP R v N oJv F0RMALIN FIXED PARAFFIN EMBEDDED 

q BY C . P0LYMERASE CHAIN REACTION, K . Mukai , Y 
Nation! l' ^ UrUya V T " Kinoshita, and Y . Shimosato, 
Japan " Research Institute, Tokyo, 

Definite diagnosis of adult T-cell leukemia/ 
lymphoma (ATLL) cannot be made in cases which were 
diagnosed and treated before the development of 

type rfSJiv'n^r^ IT" T " CeU v?«« 
type 1 (HTLV-i). in order to assess whether retro- 

HTLV V n«r Ud V f ^ LL is feas ibIe < detection of 
S£ 10 ^°5 malin fixed Paraffin embedded 

^? sue of know " ATLL patients was attempted 
P? lymerase chain reaction (PCR). A crufie DNA - 
rtPmni5h° m / 5 . micron Paraffin section was used as 
a lIS^ f° r ln Vltr ° enz V m atic amplification of 
HTLv t t J" 9 se <* uenc * within the ga^ gene of 
HTLV-I rn 10 cases of ATLL with positive antibody 
was 6ltlZL« TLV - l i, th * ^esence ot HTLV-1 sequence 
ffL t tected / n all cases. In addition, four of 
f«o'S?«i° f C l inLcali y *«spe = ted ATLL but without 
for HTLV-I confirmatlon showed positive reaction 
The results indicated that PCR is a sensitive 
°° l f ° r de ^5 ion of HTLV-I DNA in formalin fixed 
paraffin embedded tissue and that this method can 
oe applied for retrospective study of ATLL. 



409 EXPRESSION OF a ACT IN AND DESMIN IN NON 
MUSCLE SARCOMAS AND SARCOMA-LIKE LESIONS P 
Mozzicaco, N. Azumi. and K. Leslie, University of Vermont College of 
Medicine Burlington VT and Georgetown University School of 
Medicine, Washington. DC 

nn, f J"'-r r " ubi( ! uito " s '""y** of ««« cytoskcletal filament and is 
not specific for muscle cells. Because many anti-actin antibodies detect 
this .sotypc ihcy arc not useful in the diagnosis of sarcoma .., ow :„" 
musce d.fferentiation. The development of monoclonal antibodic? 
specific to muscle isotypes of actin f« and/or 7) and to desmin have 
proved useful ,n the diagnosis of Icio m> c»rcon7 a and rhabd"a r 
.oma. W C havx found however, that other mesenchymal lesions with- 
out nui'clc diffcrcniiation occasionally express muscle specific ac:,n To 
:.rthc- u-.-n-.c .-xprcssion of muscle-specific actin among thes- 
mesenchymal lesions, we performed immunohistochemical S tudi« usine 
a mnnoc cmal antibody to smooth-musclc-spccific is.itypc of actin (a 
SM .la,,.). In addition, monoclonal antibodies to vimcntin and «« 
desmin were used. We exam.ned formal.n-fixed. paraffin-embedded t„! 
vues I mm eases of malicnani lihrous histioevtoma (MFHV. nodui - 
lacuttri. and fibrosarcoma. Approximately 25% of the MFH "ascs .„". 
virtually all of the nodular fasciitis cases showed at least* focal a -SM 
act.n and. less frequently, desmin positiviiy. One case of fibrosa rcorr 
.Imucd weak and focal a-SM actin posi.iviiy. Wc ,one:,o, ■:, i Z"> 
spunous- actin and desmin reactivity mos , | ikcly i nUic3ICS myu( " iorob . 
lastic differentiation in non-muscle soft tissue lesions. Furthermore cau- 
tion should be exercised when diagnosing muscle dif fcrcniiation' in a 
given mesenchymal lesion based solely on reactivity of ihese antibodies 
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412 INFILTRATING T CELLS IN METASTATIC MELANOMA- 

INDUCTION BY IMMUNIZATION WITH AUTOLOGOUS DNP- 

8n^ J rcS^p D TUM ? R CE ^ S G !^2*2l K ^ M - M^rangcio. 0. Betd. 
_universrty of Pennsylvania &ThomasT5?ffe7S8TT Unfversily, Phaadelpfita PA 

The purpose ol this study was to determine whether immune mechanisms are 
responsible lor ciinicaDy-regressing melanoma metastases in the dermis and 
suDcutis of patients who have been immunized with dinitrophenol (ONP)- 
conjugaied melanoma cens. Two weeks after topical sensitization with 
cmiirochlorobenrene. subjects pretreated with the imrnunopote filiating agent 
cyclophosphamide were injected with vaccine consisting of 1 0-25X1 0 6 
autotogous. irradiated, ONPoonjugated melanoma cells mixed with BCG. A total 
01 io excisonal biopsies of metastatic nodules Irom 7 patients were obtained 
coincident with evidence oUUni cal regression (erythema, softening, dim inution in 
s^ej v^-j re as immune cc-us^cjid not be detected in tumor nodules prior to 
Therapy . irruTiurohistocherrjcal analysis of .-egressing lesions after immunizalion 
revea.ed mfittraiion by preponderantly T cells with cytotoxic/suppfessor 
phenotype. All T ceds expressed HLA-OR antigen, and variable numbers showed 
reacijv.ty tor ll-2 receptor and C045R lymphocyte surface antigen {ZH4) associated 
with suppressor-inducer (unction, inerceilular adhesion molecule- 1 (ICAM-i) was 
expressed ioca::>- t;y me -aroma ce'ls. and :he paiterns c-i reactivity coincided 
pr ecser/ v.-.!h z*r.*s ol T ce:i .nliltration. Numerous HLAOR-positive. C04- 
posmve. Leu 1 negative dendritk: ceils inhitrated throughout the melanoma 
nocu'es. Rare casters cl natural killer ceils (Leu 7. Leu 1 1. ar,d NKH-: -positive) 
v/e-? ^.!io Jf*'ic:rd. r rimers exhibiting local necrosis. T cells and dendritic ce«s 

-z icnger prcmmer.i. and Leu M1 positive monocyte/macrophages 
fepresenieo ;ne predomman; inltammator/ :?.l type. 

These data indicate that tumor regression m thts model involves activated T cells 
with potential tor cytotoxic Junction ar.d dendritic cells putaiively capable ot local 
antigen presentation. ICAM t induction appears to be associated with T ceH-tumc' 
cell adhesion induced by ir.is nove: mcae ol .mmunotherapy 
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ABSTRACT 



The circulating advanced glycosylation endproducts 
Hb-AGE, scrum AGE-peptides and urinary AGE-peptides 
are disclosed as long term markers of diseases and dysfunc- 
tion s having as a characteristic the presence of a measurable 
difference in AGE concentration. Diagnostic and therapeutic 
protocols taking advantage of the characteristics of these 
AGEs are disclosed. Antibodies which recognize and bind to 
in vivo-derived advanced grycosyiation endproducts are also 
disclosed. Methods of using mese antibodies as well as 
pharmaceutical compositions are also disclosed, along with 
numerous diagnostic applications, including methods for the 
measurement of mc presence and amount of advanced 
glycosylation endproducts in both plants and animals, 
grinding humans, as well as in cultivated and sysmeslzed 
protein material for merapcutic use. 

15 Claims, 12 Drawing Sheets 



Exhibit 7 



^lihAiiiiiiiDiin 



United States Patent m 

Skurkovich et al. 



US0Q5626843A 
[ill Patent Number: 
[45] Date of Patent: 



5,626,843 
May 6, 1997 



[54] TREATMENT OF AUTOIMMUNE DISEASES, 
INCLUDING AIDS, BY REMOVEL OF 
INTERFERONS, TNFS AND RECEPTORS 
THEREFOR 

[75] Inventors: Simon V. Skurkovich, Rockvifle, M<L; 

Boris Skurkovich, Pawtucket, R.L 

[73] Assigaee: Advanced Biotherapy Concepts, Inc.. 
Rodcvttle, Md: 

[21] Appl. No.: 25,408 

[22] Filed: Feb. 26, 1993 

T51] IntCl. 6 A61K 39/395 

[52] U.S. CL 424/140.1; 604/6 

[58] Field of Search 424/140.1; 436/547; 

604/5.6 

[56] References Cited 

US. PATENT DOCUMENTS 
4,362,155 12/1982 Skurkovich. 



4,605394 8/1986 Skurkovich et at. . 
4,824,432 4/1989 Skurkovich et al. . 
5,231,024 7/1993 MdleretaL. 

OTHER PUBUOOTONS 

Fahey ct aL din Exp Immunol., 88: 1-5, 1992. 
Skurkovich et aL, Medical Hypotheses 41: 177-185, 1993. 
Harris et al. Hbtech 11: 42-44, 1993. 
Co et aL, Nature 351: 501-2, 1991. 

Primary Examiner— Toni R. Scheiner 

Attorney, Agent, or FtVw-Bvelyn H. McConathy 



[57] 



ABSTRACT 



The present disclosure concerns a treatment for autoimmune 
diseases, including AIDS, by removing interferons, TNFs 
and receptors therefor, from body fluids. An extracorporeal 
device exposes fluids from a patient, including blood, 
plasma, cerelorospinal fluid, and the like, to an immunosor- 
bent to accomplish removal. Following treatment, the fluid 
is returned to its source. 

16 Claims, 1 Drawing Sheet 
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ABSTRACT 



An improved assay method for detecting the presence 
of an antibody capable of binding with an antigen of a 
virus is provided. The improvement comprises using a 
non-human immune antibody which is reactive with an 
anti-human antibody as a positive control in the assay. 
Non-human immune IgM and a method of producing 
the IgM is also provided. 

12 Claims, 1 Drawing Sheet 
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[57] ABSTRACT 

Antibodies specifically immunologically reactive with 
estrophilin. Methods and materials for detection and 
quantification of estrophilin in tissue samples, notably 
those of human breast cancer tissue. 

8 Claims, No Drawings 
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Ti»or la£l«—tory rc.ponte Induced by l-«mU4tloo vlth 
autologous -Uno« ctlli conjugated to dlnltrophenol(DRP). 
D. Berd, H.J. ttistrangelo, C. Crecn, C. CUrk, *ndE. Hert. 
Themes Je£fer«on Oulver-lty, Phlledelphle, PA 19107. 

Treatment of »eleno«e pet tents vith en eutologous 
vecclne preceded by low dose cyclophosphamide (CT) 
Induces deleyed-type hypersensitivity (DTH) to .eUnoise 
cells, end In so«s ceses. regression of tt»ors. 
How, we ere sttemptlng to Incresse the efficiency of the 
process by Inminiilog with tumor cells conjugated to the 
hapten, DNP. Petients with etttistatlc nelenoM were 
sensitized to DHP by topical application of dlnltrochloro- 
benrene (DHCB ) • Two weeks later, they were Injected with 
e vaccine consisting of 10-25x10(6) eutologous. Irradiated 
aelanoma cells conjugated to DNP and mixed with BCC. 
CY 300 ng/M" IV was given 3 days before DHCB or vecclne. 
Of 4 patlencs evaluable so far, 3 have developed a striking 
Inflammatory response In tumor masses efter 2 vaccine 
treatments (8 weeks). Pstient #1 developed erythema and 
swelling in the >50 large (1-3 cm) dermal metastases on 
her leg end lower abdomen, followed by ulceration and 
drainage of necrotic materiel, and some are beginning to 
regress. Biopsy ihowed Infiltration with CD4+ and CD8+ 
T lymphocytes. Patient #2 developed erythems and swelling 
In the skin of her lower abdomen and groin overlying large 
(8 cm) nodal masses. These have not yet regressed, but 
have changed In consistency from rock-hard to fluctuant. 
Patient #3 exhibited moderate erythema In the akin over- 
lying subcutaneous metaatases. All 3 patients have 
developed DTH to both DHCB and to DNP-con jugated autologous 
lymphocytes. Although these results are preliminary, they 
suggest that thia new strategy may represent a significant 
advance In the Immunotherapy of human melanoma. 
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Anti-ldlotype monoclonal antibody lmmunlxstlon therapy of 
cutaneous T cell lymphoma* Chapter jee, N«, Foon, t,, Seoaj 
B.K., Barcoa, M. and Kofeler, H. , Rosvell Park Hem* Itmt^fi 
Buffalo, NY U263, and UCSD, San Diego, CA 92161*. ~ 

Cutaneoua T cell, lymphoma (CTCL) is an indolent : ^{JZ 
non-Hodgkin'a lymphoma which la not cured by standard «&| 
therapies once, it reach e* advanced stage* A novel approaetfi 
to therapy la to use Internal Image antl-ldiotype (Id) mAfcaA 
aa antigen (Ag) substitute for the induction of UmunltyiioeJ 
Ue hsve generated anti-Id aAb (Ab2) binding to a hybrldoe*^ 
SN2 (Abl), which recognises a unique glycoprotein, gp3r, stj 
expressed by a subset of human leukemic T cells (J* Immuaopj 
139:1354, 1987). At least 2 of these Ab2 may Indeed carryti 
the Internal Image of the gp37 Ag (J. Immunol* 141:1398, 
1988). Recently, we investigated the distribution of gp37-Vn 
Ag by a senaltlve loauno peroxidase staining method using mib 
SN2. SN2 had a high specificity for T-le uke ale /lymphoma 
eel la and did not react with any normal adult tissues tested 
Including thymus, lymphocytes, bone marrow cells, spleen, a*5 
liver, kidney, lung, brain, heart, etc* CTCL cells from Jil^ 
out of 6 patients were strongly positive for gp37 Ag with M# 
Intense surface membrane staining* The binding of 
radiolabeled SN2 to CTCL cells was studied for inhibition^ 
the presence of the anti-Id mAbs 4EA2 and 4DC6 which mimieos 
the gp37 Ag. Both clones Inhibited the binding 100X and SOX 
respectively at a concentration of 50 ng* We also generate* 
a murine Ab3 mAb (antl-antl-Id) by immunising mice with tfaeni 
anti-Id mAb (Ab2)* This Ab3 mAb reacts with CTCL cells tojtj 
an identical fashion as the original Abl (SN2). ... 
Collectively, these data suggest that Ab2 4EA2 and 4DC6 may? 
b<s useful for active immunotherapy of CTCL patients* :Var;*{$ 
plan to study the CTCL patients in a phase I clinical trials 
to determine the effects of thia type of therapy on variouan 
components of the Immune system (both humoral and cellular)** 
and try to identify the criteria to select petients who may* 
benefit from anti-ldlotype vaccine therapy* - : 
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Inhibition of Tumor-Induced ^W**»^"«t° Cyt f £ 
Activity by Horine Interferon Bete (OT-B). Deepak M. 
Sahasrabudhe, Oniveratty of Rocheater Cancer Center. 
Rochester, NY, 14642 

In some tumor models inhibition of Ts-ectivity is a pre- 
requisite to successful Immunotherspy. Baaed on our data 
in the DNTB model (J Exp Med 166.1573. 1987 the effect 
of IFH-B on P815 mastocytoma- induced Ta-activlty waa 

eV *in*thU model, concomitant antitumor l-«»"r **** 
by Day 10 and is down regulated by Ta by Day 15- Cyto- 
toxicity generated after a mixed lymphocyte tumor culture 
(MLTC) correlatea with in vivo immunity and suppression of 
cytotoxicity correlates with in vivo T «"* c **vlty. 

Tumor, were initiated by injecting 2 x MU cell. 
subcut.neou.ly on Day 1. IFN-B (100. 10000. 50000) or 
buffer were Injected i.v. every other day x s dose* .cart- 
ing on Day 5. On Day 16. MLTC* a were «et up. Five d.y. 
later a cytotoxicity a..ay wa. performed againat 51Cr 
labelled P815 cella. X .pacific iy.i. U ihovn. Numbers 
in parenthesis represent the dose of IFN-B. 
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Treatment with IFN-B 5000U every other day x 6 doses 
abrogated Ts-sctlvlty without adversely affecting 
cytotoxicity. IFN-B may be a u.eful adjunct In the 
Immunotherapy of selected tumors. 
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Syngeneic murine monoclonal antiidiotypes bearing the internal^, 
image of a human breast cancer associated antigen. L Schnutz ^ 
and H. Ozer. The Dept. of Microbiology, S.U.N.Y. at Buffalo^ 
Buffalo, NY 14214 and the Division of Medical Oncology, The ~g 
Univ. of North CaroUna at Chapel Hill, Chapel Hill, NC 27599. ' 



AWUlUiug w Jfci**^* utrivruiK. iuwit, jmimw »iM.«w.;r-. ^ 

(Ab2) mimic external antigens recognized by specific anuoodtes. ^ 
(Abl) and may be used in place of antigen for immunization. The } 
murine monoclonal antibody F36/22 (IgG3, *), specific for ductal 
cardnoma antigen (DCA) was used to generate syngeneic^ 
monodonal antiidiotypes bearing the internal image of DCA-^ 
Female BALB/c mice were inoculated intraperitoneally .every ^ 
other week with 100 ng of F36/22 coupled to keyhole ltrnpet^ 
hemocyanin; the first time in complete Freund's adjuvant and. ^ 
subsequently in incomplete adjuvant Splenic lymphocytes were;^ 
fused with the murine cell line P3X63 Ag&653 3 days after the ^ 
fourth immunization- using 50% polyethylene glycol (v. w. 2_~-> <CJ 
Two hybrids, MTO-1 and MTO-2, were selected based on the ^ 
ability of culture supernatants to bind to F36/22 but not *° 
control antibody 2A31F6 (IgG3 t «) in an enzyme Jinked.^ 
immunosorbent assay JEUSA) and cloned by limiung <"«{ttorL w 
Paratope specificity of Ab2 was demonstrated in two BLISA 9i 
assays/First, the binding of labeled F36/22 to DCA was inhibited. , 
100% and 75% by L6>g of MTO-2 and MTO-1 rcspectrvely., , 
Second, the binding of labeled Ab2 to Abl was inhibited by tl 
purified DCA. MTO-1 neither enhances nor inhibits the binding ^ 
of labeled MTO-2 to Abl although in the presence of MTO-A^ 
binding of labeled MTO-1 is enhanced by 100% indicating that^ 
these Ab2 recognize distinct idiotopes. Rabbits immunized bi- 
weekly with MTO-1 or MTO-2 developed antibodies that bound 
specifically to DCA demonstrating that MTO-1 and MTO-2 bear 
the internal image of DCA. These data suggest that MTO-1 and 
MTO-2 could potentially be utilized to immunize high nsit 
patients against progression or development of DCA positive 
tumors. 
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A F Geczy and A. Baumgarten 

*m ./~, **- s -* *** Am " M ° 

{Received 3rd March 1969) 

Su „ Leucocyte -^"S^^K iTJSMS 

£itrophenylated and cu tured 5*WJ£ rf th idi werc ob- 

ccnt) and an increased O^ 1 ^™!^ senS itized animals. Smaller numbers 
erved only in cultures of ^P^"!^"*^ in on l y a few cultures of sensitive 
^nsfo/med cells (1-2 !J ^ ^^^ y « rt dogao. erythrocytes or 
lym phocytes incubated wi h «^ *™J* that trans formation may specifically 

INTRODUCTION 

fluoro-2 4-dinitrobenzene (DNCB 
Halogenateddinitrobenzenessuchas l-chloro^ • and - , reensit ivity (Bloom 

J DNFB respectively) are commonl y «d b y y P these substances in 

d Chase, 1967; Turk, 1967) The dc ^ a J ion between specifically sensitive ceUs 
itized animals may result from « which ^ antigens (Eisen and 

2 dinitrophenylated acellular skin «mp««^ ive haloge nated dimtro- 

iachnick' 1958). J *^^S$££2Z reaVt directly with lymphocytes and 
benzenes (Eisen, Orris and Belman, 1952] I may a bstances such M the macrophage 

Xequcntly initiate the ^/^^^Hiom". 1964 ' B1 °° m and 
Siting factor (David, Al-Askan Lawrence an • Willoughby, Boughton, Spector and 
966) and the lymph node permeability fee or ot ^ transforma tion m vtjro 

chW (1962). Since specific aniens can nd ucejy P Y ig6% a met hod is 

lymphocytes in vivo. . rar rier-sDecific (Gell and Wolstencroft, 1967) 

■Furthermore, if delayed ™^^Z£^ <£ dinitrophenylated lymphocytes 
the complete antigen ^..^^^SS^c. It seems unUkely that a mcaety with 
should contain a moiety supplied by the ^P^rf b acellular constituents of the skin. 
In identical molecular ^^^^^J"^ ant igen which initiaUy induces 
For the same reasons, it seems .^J^^^nyiatBd lymphocytes formed during the 

dinitrophenylated lymphocytes. 

189. 




190 



A. F. Geczy and A, Baumgarten 
MATERIALS AND METHODS 



Preparation of DNFB solutions 

For conjugation with lymphocytes, erythrocytes and serum proteins, a stock solution 
of DNFB (Fluka A. G., Buchs, S. G.) was prepared by dissolving approximately 300 jjg 
DNFB per ml in 0-2 m (pH 8*5) phosphate buffer at 60°. The actual concentration of 
DNFB in the buffer was determined spectrophotometrically. 

For conjugation with bovine serum albumin (BSA; Commonwealth Serum Laboratories, 
Melbourne, Vic.) a DNFB solution was prepared in 0-2 m citrate-phosphate-boratc 
buffer (Teorell and Stenhagen, 1938) at the appropriate pH. 



Preparation of DNCB solutions 

For sensitization, a stock solution of DNCB (British Drug Houses, England) in distilled 
water was prepared by dissolving approximately 300 fig DNCB per ml and the concentra- 
tion of DNCB then adjusted to 40 jig/ml under spectrophotometric control. For testing, a 
stock solution of DNCB was prepared by dissolving a known quantity of DNCB in olive 
oil B.P. (N.S.W. Government Stores). The stock solution was diluted as required with a 
1 : 9 mixture of olive oil and petroleum ether (B.P. 60°-80°, A.R. grade, B.D.H.). 

Protein determinations were done according to the method of Lowry, Rosebrough, Fan* 
and Randall (1951), using BSA as the standard. 

Sensitization and skin testing 

Outbred albino female guinea-pigs (600-800 g) were sensitized and tested according to 
Baumgarten and Wilhelm (1969). Briefly, the animals were sensitized by multiple in- 
jections of 40 fig DNCB in the nuchal skin. Eleven to 14 days after sensitization, skin test- 
ing was done by applying 20 /il DNCB solution (0 03, 0-1, 0-3 and 1 -0 per cent) to each of 
eight randomly distributed sites on the closely shaved dorsal skin of the trunk using 
Hamilton 250 u\ syringes (New Jersey, U.S.A.) fitted with blunted 26 G hypodermic 
needles. The solution was spread with a rounded glass rod in the direction of hair growth 
over a 1-5-2*0 cm 2 area. The lesions were examined after 20-24 hours for the presence of 
erythema; the animals were subsequendy given intravenous Evans blue (1*2 ml/kg body 
weight, as a solution containing 25 mg dye per ml of 0-45 per cent saline) to demonstrate 
the development of increased vascular permeability (Voisin and Toullet, 1960). 

Preparation of lymphocytes 

Blood was usually obtained from guinea-pigs by cardiac puncture, occasionally by 
severing the jugular vein. It was placed in sterile bottles (containing 10-15 glass beads 
3-5 mm diameter), defibrinated by gentle shaking for 5-10 minutes and transferred into 
fresh bottles. To each millilitre of blood was added 0-3 ml of 1 per cent methyl cellulose 
(U.S.P. Grade, Dow Chemicals Co.) solution in 0-2 m phosphate buffer, pH 7-2. After 
mixing by inversion, the blood was allowed to sediment for 45 minutes at 37°. The upper- 
most two-thirds of the top (leucocyte-rich) layer was removed and centrifuged at 400 £ (or 
5 minutes. The supernatant was then separated and the cells washed twice with Hanks s 
solution (C.S.L., Melbourne, Vic). After further processing as described below, the cells 
were suspended in a culture medium (Medium 199; C.S.L., Melbourne, Vic, with 20-40 
per cent guinea-pig serum). 
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u ra t-killed lymphocytes were prepared by incubating 1 ml suspension containing 0-6- 
lV lymphocytes in Hanks's solution at 56° for 30 minutes. Cell death was ascertained 

\ X he eosin technique, i.e. by incubating the cells for 5-10 minutes in 0-5 per cent solution 
'■iosin B (Matheson, Coleman and Bell, New Jersey, U.S.A.) in saline, and counting a 
' t l l of 200-300 eosin-stained and unstained cells from each preparation (Hanks and 
Slace, 1958). 

tf-wration of peritoneal cells 
Four guinea-pigs were injected intraperitoneal^ with 20 ml Hanks's solution and then 
lied The peritoneal cavities were opened and the fluid was aspirated and centnfuged 

*| ^00 g for 10 minutes. The pellet of cells from each animal was washed twice with 

Hanks's solution and then suspended in culture medium. 

^partition oj blood macrophages J . L(U , p , .... 

Cardiac blood from four guinea-pigs was sedimen ted with Methocel as described above. 
I he upper two-thirds of the leucocyte-enriched layer were then discarded, while the lower 
hir d was centrifuged at 200 g for 10 minutes. The cells in the resulting pellet were washed 
. lV jce with Hanks's solution and suspended in culture medium. 

ill counts 

Total white cell counts were done in Neubauer counting chambers using 2 per cent 
.queous acetic acid as diluent. Differential counts were performed on smears prepared 
irom pellets obtained by centrifuging the cell suspension and stained with May-Grunwald- 

°The a percentage of transformed cells was determined by counting at least 300 cells from 
each preparation using the longitudinal method of Dacie and Lewis (1963). 

Conjugation with DNFB . . . 

4) Bovine serum albumin (BSA). Two cuvettes (in the same light path) were placed m the 
reference and two in the test compartment of a Unicam S.P. 800 B spectrophotometer. 
One cuvette in each compartment contained BSA (20 mg/ml) and the other DNFB 
•H)/ig/ml), both in buffer at the appropriate pH. After equilibration for 5 minutes the 
dutions in the test compartment were mixed to give an effective concentration of 10 
me/ml and 10 jig/ml for BSA and DNFB, respectively; the cuvettes were then replaced. 
The reaction was followed for 72 hours at 325 m/i, since it had been previously found that 
it this wavelength there was a maximal difference between the absorbance of BSA and 
DNFB and the DNFB-BSA conjugate. The pH of the reaction mixture was then lowered 
(o about 3 with 2n hydrochloric acid. An equivalent volume of distilled water was added 
10 the reference cells to obtain a corresponding dilution of DNFB and BSA. The optical 
density of the reaction mixture was then again determined. This procedure was adopted 
10 measure any absorbance due to a coloured compound (presumably 2,4-dinitrophenol; 
DNP) which slowly formed on standing in alkaline DNFB solutions. 

(b) Lymphocytes. In preliminary experiments 10 6 twice washed leucocytes were incubated 
with 0-100 //g/ml concentrations of DNFB in phosphate buffer pH 8-5 for periods up to 
10 hours.-In subsequent experiments the lymphocyte pellet was reconstituted m a solution 
of DNFB (10 ug/ml) in the phosphate buffer. The volume of the DNFB solution was ad- 
justed to give a final concentration of about 10 6 cells/ml. After 30 minutes incubation, the 
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suspension was reduced to pH approximately 6*3 by gassing with carbon dioxide, centri- 
fuged at 200 g for 5 minutes, the supernatant removed, the cells washed thrice with Hanks"> 
solution and then suspended in culture medium. Control cultures of unconjugated lym- 
phocytes were treated in a similar fashion, except that the cells were not incubated with 
DNFB. 

(c) Erythrocytes. Erythrocytes obtained from the residual defibrinated and sedimenied 
blood by centrifugation for 10 minutes at 200 £ were washed twice with Hanks's solution 
and conjugated with DNFB as described above for lymphocytes. 

(d) Serum proteins. Autologous serum proteins were conjugated with DNFB by mixing 
equal portions of serum (obtained from centrifuged blood) with DNFB solution (contain- 
ing 10 fig DNFB per ml) and incubating the mixture at 37° for 30 minutes. 

Preparation of mixed cultures 

Unconjugated live lymphocytes (0*6-1 -3 x 10 6 ) were mixed with either an approxi- 
mately equal number of autologous: (1) conjugated heat-killed lymphocytes, (2) un- 
conjugated heat-killed lymphocytes, (3) conjugated erythrocytes, or with 2 ml autologous 
conjugated serum protein solution. A fifth set of mixed cultures was prepared by mixine 
0-6-0-8 x 10 6 conjugated live lymphocytes with a similar number of autologous uncon- 
jugated heat-killed lymphocytes^ 

Carbon studies 

A carbon suspension was prepared by diluting 'Pelikan' ink (Batch No. G 1 1 / 1 43 1 a 
Gunther Wagner Werke, West Germany) in proportion 1 : 5 with Hanks's solution. 
Approximately 0*05 ml of the carbon suspension was added to: (1), 3 ml of each peritoneal 
cell preparation (10 6 cells/ml); (2), 1 ml of each blood macrophage preparation (10* 
leucocytes/ml); (3), 1 ml of each lymphocyte preparation (OSx 10 6 lymphocytes/ml. 
The cells were incubated with carbon at 37° for 2 hours, then centrifuged and washed 
3 or 4 times with Hanks's solution. After the last centrifugation the cells were spread on 
microscope slides and stained with May-Griinwald-Giemsa. 

Uptake of tritiated thymidine 

Thymidine-6-T(ri) (Radiochemical Centre, England) was used in amounts of 2 uO 
per 10 6 lymphocytes. In the first experiment duplicate cultures of conjugated live lympho- 
cytes from two sensitized and two unsensitized guinea-pigs were incubated with thymidine 
for 5 days. Each day the cultures were sampled and the uptake of thymidine was deter- 
mined. In the second experiment portions of 3-day duplicate cultures of conjugated lym- 
phocytes from two sensitized guinea-pigs were pulsed with thymidine for 1, 2, 4 or 6 hours. 

In the third experiment duplicate cultures of conjugated lymphocytes were prepared 
from four sensitized" guinea-pigs. Portions of 3-day cultures were pulsed with thymidine 
for 2 hours. The remainder of each culture was incubated for a further 2 days and the per- 
centage of transformed cells then determined. In the fourth experiment duplicate culture* 
were prepared of both conjugated and unconjugated lymphocytes from twelve sensitized 
and twelve unsensitized guinea-pigs. From a further seven sensitized animals were esta- 
blished: (1), seven mixed cultures of unconjugated live lymphocytes and autologous con 
jugated erythrocytes; (2), five cultures of conjugated live lymphocytes; (3), five mixed 
cultures of unconjugated live lymphocytes and autologous conjugated serum proteins: 
(4), four mixed cultures of unconjugated live lymphocytes and autologous conjugated 
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h Pa t killed lymphocytes. All cultures were pulsed with thymidine for 2 hours on the 3rd 
,To tlbX After incubation for the stated periods, the cells were washed thrice 
S, ^SS ^lution -d then prepared ^ liquid scintillaUon counung (Tn-Carb, 
Packard) according to the method of Mahin and Lofberg (1967). 

'culSof conjugated lymphocytes were prepared from the cardiac blood of four .en- 
sitbei g Lea-pigs ? and unconjugated lymphocytes from the blood of two u«n»tt«d 
Xals" Subsequently, 0-5x 10' unconjugated \f^^^^^ ^njugatS 
tritiated thymidine for 16 hours. Portions containing approximately 0 5x 10 conjugated 
Sphocyte" from cultures aged 0, 3 or 5 days were also 

thymidine for 16 hours. -After incubation the cells were washed thnce with "unless 
Son centrifuged and spread on microscope slides. The slides were coated with NTB2 
I^^^^^^E^^K^ U.S.A.), exposed for 5 days, developed and 
then stained with May-Grunwald-Giemsa. 



RESULTS 

CONJUGATION OF 1 -FLUORO-2,4— DINITROBENZENE (DNFB) W.TH BOVINE SERUM ALBUMIN 

(BSA) 

The roniuiration of DNFB with protein is known to occur rapidly at alkaline pH values 
i^SSS^n, 1952). The extent of conjugation of DNFB j^g™£ 
ranee suitable for use with living cells in vitro was ascertained using BSA. BSA was 
..osrforCvenience, because light scattering of cell suasions 
suitable for direct spectrophotometry measurement of DNFB conjugaUon Jhe react 
rates of BSA with DNFB at different pH values are illustrated in F,g. 1. It is noteworthy 

A During^^ due * 2,4-dinitrophenol was found 

tolvdop gradually in alkaline DNFB solutions standing for several weeks. This colour 

08 



a. 
E 



06- 



0-2 




_L 



"2 3 4 5 

Time (hours) 

F,c. 1. The effect of pH on the rate of conjugation of l-nuoro-2/Winitrobenzcne with bovine serum 

albumin. 
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19 a K t nH1 unlike that of DNFB-albumin conjugates. Accordingly, the 

disappeared at about pH 3, unlike tnat ° l n h both at the reaction pH 

absorbance of the reaction mixtures was mcas J~ absorban ce was similar ai 

(see Fig. 1) and at P H 3. After ^^^rfX^ colour was not sufficiently 
both pH values, suggesting that the formation ol the >« j view of thc 

rapid'to interfere appreciably with the ^jn™« ^elhwaf carried out at pH 
results with BSA (Fig. 1) conjugation of DNFB with living 
8-5 for 30 minutes. 

CONJUGATION OF DNFB WITH LEUCOCYTES 

r in „rr nNFB Der 10 6 leucoevtes 
Preliminary experiments showed that preparations oi u W " 

cultures containing 

contained no more eosin-stained <non-v,»bk) 1""^^ therefore sele c.ed for sno- 
re; rS^^rS^ and t ne ^ o f 
contained approximately 3-3 mg protein. 

DIFFERENTIAL COUNT 

Diff e r en t ,a, conn, of « ^"j^ 

and white cells. 

TOTAL CELL COUNT 

The total cell count decreased by up to 30 per cent by the W djy ofculture bjj-u* 
diminished no further in the subsequent 2 days P conjugated erythro- 

the counts of conjugated lymphocytes ^.^Pj^^^ t0 about 50 per cent ol 
cytes (both from sensitized donors) which, on the 5th day, 

Table 1 

Effect of incubation on cell counts in culture 



No. of Serum 
animals 



No. of cells perml(xlQ 6 ) 



Conjugated lymphocytes 
unsensitized donors 

sensitized donors 

Conjugated red cells 

sensitized donors 
Conjugated scrum proteins 

sensitized donors 
Unconjugated lymphocytes 

unsensitized donors 

sensitized donors 



14§ 

2 

25*§ 
2 

n:§ 
m§ 

2 
4 
14 
4 



A 
H* 
A 
Ht 

A 

A 

Ht 
A 
A 
H* 



0 days 

12-2 0 (1-6) 
1-9 (1-9) 

0- 8-2-0 (1-3) 

1- 8,2 0 (1-9) 

0-8-1-3 (0-9) 

0- 8-1-3 (1-0) 

2*0 (2-0) 

1- 1-2-0 (1-5) 
11-1-8 (1-3) 
1-2-1-8 (1-5) 



3 days 

11-1-4 (1-3) 
16, 1-7 (1*65) 
0 7-1-4 (0-9) 
1-6, 1*7 (1-65) 

08-1-1 (0-9) 
0*6-1-2 (0*9) 

1-5,1-7 (1*6) 

0- 9-1-6 (1-2) 

1- 0-1-5 (0*9) 
1-0-1-6 (1*2) 



5 days 

1*1-1*5 (1-3) 
1-6(1-6) 
0-3-1-1 (0-4) 
1*7, 1-8 (1-75) 

0-4-0*6 (0-5) 

0- 7-0*9 (0-8) 

1- 4, 1-7 (1*55) 
1-3-1-8 (1-5) 

0- o-M (1*1) 

1- 2-l-4(l-3) 
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'jES^SSedta TdMicatc. Values in parentheses represent means. 
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TJ HfTu o ogous live and hea-killed Y™^*; 7 i, out one .,hW .he ini.,.1 
Table 1). 

centage of viable cultures containing only live lymphocytes, 

day) was proportional to that in cun ^ 

EFFECT OF CULTUR E O^VABtE CELL COUNT 

p cr cent viable cells 

Serum 



usually 
ins were 
erythro- 
r cent of 





Conjugated lymphocytes 
unsensitized donors 

sensitized donors 

Conjugated red cells 

sensitized donors 
Conjugated serum proteins 

sensitized donors 
Unconjugated lymphocytes 

unsensitized donors 



17« 
17« 



14 



A 
Ht 

A 
A 



A 
Ht 
A 
H* 



95-IOO (96) 
96, 97 (96-5) 
85 _100 (92) 
95, 100 (97-5) 

79-100 (91) 
77-100 (93) 

95-100 (97) 
95, 100 (98) 

91- 100 (93) 

92- 98 (96) 



58-71 (61) 
52, 60 (56) 
36-80 (60) 
52 r 58 (55) 

33-80 (71) 
32-70 (59) 

58-80 (67) 
60 (60) 
58-65 (60) 
45-60 (52) 



39-58 (43) 

18, 41 (30) 
10-58 (41) 

19, 24 (27) 

28-60 (53) 
26-60 (47) 

20-75 (50) 
31, 48 (40) 
38-50 (43) 
30-$8 (40) 



3 (1*3) 
6) 

I (0-4) 
8 (1-75) 

6 (0-5) 

•9 (0-8) 

-7 (1-55) 
•8 (1*5) 

-4 n-i) 

•4(1*3) 



ea-pigs 

. these ami* 1 - 



sensitized donors 



LY MPHOCV,E TR , NSFO — ^ cuiwres ^ 

Only a small number «2 per c^^Sj^ ^ed serum proteins (ir i two 
unconjugated live lymphocytes and ^^^^ocfL (in six of seventeen culture^ 
..[seventeen cultures) or autologous "J^g*^ 12) was seen in 5-day cultures of Iwe 

scvc " lt t trans formed cells <rig- w.; .« ent transformed cells 

Bv contrast, 8-22 per cem /Table 3). Similarly, 5-10 per cem " 

«■« non-viable lymphocytes in the initial 
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Table 3 

Effect of conjugation on transformation of cultured lymphocytes 



Per cent transformed cells 



No. of 
animals 



Serum 



3 days 



5 days 



Conjugated lymphocytes 
unsensitized donors 

sensitized donors 

Conjugated red cells 

sensitized donors 
Conjugated serum proteins 

sensitized donors 

Unconjugated lymphocytes 
unsensitized donors 

sensitized donors 



)4§ 


A 


0 


0 


2 


H» 


0 


0 


25J§ 


A 


0 


8-22 (14) 


2 


Hf 


0 


8, 16 (12) 




A 


0 


0-1 (<1) 


i?:§ 


A 


0 


0-2 (<1) 


4 


A 


0 


0 


2 


Ht 


0 


0 


14 


A 


0 


0 


4 


H* 


0 


0 



A: autologous. H: homoglogous. 

* Serum from sensitized donors, t Serum from unsensitized donors. X Includes the eleven guinea-pigs whose 
lymphocytes were also incubated with dinitrophenylated red cells and serum proteins. § Cultures from these animals 
were prepared in duplicate. Values in parentheses represent means. 

CARBON UPTAKE 

Carbon-laden cells were observed both in preparations of blood macrophages and peri- 
toneal cell cultures aged 0, 3 or 5 days. By contrast, no cells which phagocytosed carbon 
were detected in 0-, 3- or 5-day cultures of conjugated live lymphocytes from sensitized 
donors. 

UPTAKE OF TRITIATED THYMIDINE 

In an initial experiment conjugated lymphocytes from two unsensitized guinea-pigs 
incorporated relatively little radioactivity (<2500 counts/min per 10 6 lymphocytes) in the 
first 4 days of incubation with tritiated thymidine but took up rather more radioactivity 
on the 5th day (about 18,000 counts/min per 10 6 lymphocytes). By contrast, conjugated 
lymphocytes from two sensitized animals incorporated respectively about 25,000 counts 
min and 55,000 counts/min per 10 6 lymphocytes on the 3rd and 5th day of incubation. 

Table 4 

Lack of correlation between uptake of tritiated thymidine and transformation in cultures of conjugated 

lymphoyctes 



Sensitized donors 


1 




2 


3 






4 


a b 


a 


b 


a 


b 


a 


b 


Radioactivity in 3-day cultures 

(counts/min/ 10 3 cells) 135 132 


135 


134 


83 


64 


90 


74 


Transformed cells in 5-day 

cultures (per cent) 16 9 


11 


12 


10 


9 


10 


7 



a, b: duplicate cultures. 
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No. of animals 



^itizcd donors 
Conjugated red cells 
Sniugated scrum proteins 
Sated killed lymphocytes 
Conjugated live lymphocytes 
Unconjugated live lymphocytes 

Vnsensitized donors 
Conjugated live lymphocytes 
SWtcdUvelymph^cyt ^ 



he 
itv 
ed 
ts 



TE1> 



7* 

5* 
4- 

17*, b 
12* 

12< 
12< 



UO-880 (480) 
96-700 (360) 

.SSSSS (73,000) 

38-300 (73) 

38-500 (88) 
34-550 (HO) 



" " different batches of animals. 

— The superscripts a, b and c designate d.ffere ^ ^ 

Ivmphocytes from either ^^"^donort and autologous ^^^JSJ^f 
jugated live lymphocytes from *™«™™ ed lymphocytes. By contrast, ^ up£*« 
14s, (b). serum proteins or WbajUIe ymp m ^ cuUures of 

radioactivity exceeded 15 00U co / 

jugated live lymphocytes from sensitizea g 

AUTORADIOGRAPHY 

Preparations of .eshly collected *^j£$ES 
plained no "T^S^ZSTSL 

Tied large lymphocytes (Fig, 2£ ^ fcells'varied from ones > -emWmg 

700 examined leucocytes were - ^ poached the appearance of transformed cells (Figs, 
large lymphocytes to others which .«PP^« labelling (Figs. 6-9). Two , cdb < «mich 
*-8 cf Fie 9). They also varied in the degree ^oi 5 lasmic str and (Fig. 10), 

itrmXdlyUrent ^^^SC^cL^ 
probably depicting the last stage in ^ lar ^° om 58 (8 . 8 per cent) of the* were 
of 660 examined y^^^^^ 11 ^^^ 62 (9 4 per cent) appearing to 
•ivpiad' transformed cells (Fig. H, cf ' \Lphocyte and a transformed cell. The 
^present intermediate stages between a large lymp 
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Fig. 10. Celts from a 3-day-old culture of dinitrophenylated lymphocytes. The cells are joined by j 
strand of cytoplasm, x 2200. ' 





Fig. 11. A labelled, transformed cell from a culture aged 5 days, x 2200. 
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microscopic appearance 01 me ecu*, 
per cent) were labelled. 

DISCUSSION 

The transforation of lymphocytes in oitro -^ST^^^^ 
amply documented (Pearmain, ^^^^^i^^t use of DNCB in 
1963; Coulsen and Chalmers, 1967). ^^^^ jj^ 1935; Turk, 1967; 
investigations of delayed hypersensitivity of a effect on cultured 

Blc^and Cha£ 1967) no ^^^^^ its ability to form stable 
lymphocytes. The use 01 uin r x> in ^ u^^- iq^ 

conjugates with protein _ (Eiser. ^^^'.E^Lit of its conjugation with BSA 
In defining the conditions for the ^ * """^ lymp hocytes can be exposed. 

has been investigated in the pH range «^ * "^J^J^ rcac tion occurs between 
It may be assumed that after 4 hours at pH 8 5, no urther ^ 

DXFB and BSA since there is ^^^^^^r^cla between DNFB 
30 minutes. Therefore, it seems 

and protein in the cell suspensions is also a PP'°^* te £ ^tod on one hand, by the ad- 
the availability of ceU protein for conjugation "^^"^^ other hJd, by the 
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and the cell membrane. However, if DNFB does enter the cell, it can presumably reaci 
with intracellular protein since some conjugation with albumin is found even at pH 5-5 

In cultures of conjugated cells from the sensitized guinea-pigs, the total number of ce!k ! 
decreases by the 5th day to about one-third of its initial value. Since a similar fall does noi 
usually occur m other cultures, the conjugated cells from sensitized donors probably undergo 
lysis of immune origin. Moreover, since the total number of cells similarly decreases in 
cultures of unconjugated heat-killed cells used with conjugated live cells, as well as un- 
conjugated live cells used with conjugated heat-killed cells, dinitrophenvlated lymphocyte 
antigen can possibly induce lysis of unconjugated living lymphocytes. By contrast, ii 
appears that transformation can be induced only in cells directly exposed to DNFB. 

The transformation of conjugated lymphocytes from sensitized donors has been esta- 
blished both on a morphological basis and by the incorporation of tritiated thymidine. 
It appears to be a specific reaction of conjugated, sensitive lymphocytes, since neither 
transformed cells nor appreciable thymidine uptake are observed in unconjugated cell 
cultures from sensitized animals or conjugated and unconjugated cell cultures from un- ; 
sensitized donors. The transformation appears to be a specific outcome of the exposure of ; 
sensitized lymphocytes to DNFB, since little or no transformation occurs when live lympho- 1 
cytes are incubated with either conjugated, heat-killed lymphocytes, erythrocytes or serum 
proteins. 

In some cultures containing conjugated erythrocytes or serum proteins, the presence of a 
small number of transformed cells can be interpreted as a low degree of responsiveness to 
these antigens. It is also possible, however, that a small amount of residual unconjugated 
DNFB remains adsorbed to erythrocytes or is present in serum and later reacts with 
lymphocytes. 

Conjugation of DNFB with lymphocytes therefore appears to be a necessary prerequisite 
to transformation. The high reactivity of DNFB suggests that it mainly combines with 
protein adsorbed to the cell or a component of the cell membrane. Since the adsorbed 
protein is probably derived from the serum, and conjugated serum proteins do not indue, 
appreciable transformation, it seems likely that the union resulting in transformation 
occurs at the cell membrane. Transformation of lymphocytes from sensitized animals 
following in vitro conjugation with DNFB suggests that a similar mechanism may operate 
in vivo. 

Migrating lymphocytes may initially react with the chemical in the skin and induce 
hypersensitivity after undergoing changes either locally or in the regional lymph nodes- 
Sensitive lymphocytes may subsequently react with freshly applied chemical and ha\ ini: 
been stimulated by the specific antigen, release factors which elicit the local reaction. 
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Clinical Investigation 



Clinical Responses With Active Specific Intralymphatic 
Immunotherapy for Cancer— A Phase HI Trial 

CHARLES L WISEMAN, MD; V. SfVNAWSA RAD, PhDt PharmD; PETER 8. KENNEOY, MD; 
GARY A. PRESANT, MD; J. DOUGLAS SMITH, MD; and ROBERT J. McKENNA, ME* LcsAngok* 

We evaluated the method of active specific Intralymphatic Immunization to treat cancer In 32 
patients with various tumor types as part of a broad-based phase HI evaluation and describe the 
results of 3 sequential series. In series 1, the patients (n-13) received 2 or more Injections of 
autologous, cryopreserved, Irradiated tumor cells directly Into the lymphatic system through the 
cannulatlon of a dorsal pedal lymphatic channel. In series 2, the patients (n~7) received low-dose 
cyclophosphamide, 300 mg per m 2 , 3 days before the autologous cell vaccine was administered 
Series 3 (12 patients) was similar to series 2 except that the tumor cells were treated with 
cholesteryl hemlsucclnate Immediately before Irradiation. Patients received from 2 to 6 Injections of 
cells, depending on availability, at 2-week Intervals. In all, 91 treatments are evaluated In this study. 
Clinical responses occurred In 7 of the 32 patients and were seen In all 3 series with about the 
same frequency. These responses occurred In cases of melanoma, lung cancer, colon cancer, and 
sarcoma. Regressions occurred In both visceral and subcutaneous sites. There was Me toxicity, 
the chief side effect being local discomfort or Inflammation. This experience Indicates that active 
specific Intralymphatic Immunotherapy Is sale, produces antitumor effects, and requires more 
Investigation to Increase the frequency and duration of observable tumor regression. 
(Wiseman CL, Rao VS, Kennedy PS,etal: Clinical responses with active specific Intralymphalte tmmunotherapy for cancer— A 
phase Mi trial. West J Med 1989 Sep; 151:283-288) 



The historical enthusiasm for using autologous tumor 
cells as immunogens has resulted in a number of clinical 
trials, and some positive results warrant further attention. 1 
We have been interested in several recent developments that 
encourage further investigation of such an approach. We 
began a study to investigate ami extend the 
Jufflard and co-workers, who described regression of meta- 
static tumors after inoculating irradiated tumor cells directly 
into the lymph nodes through the dorsal pedal lymphatic 
vessels. 3 

Direct intralymphatic immunization is an attractive con- 
cept for a number of theoretic reasons. Such a technique 
could circumvent possible immunosuppressive mechanisms 
of a primary tumor. Regional lymph nodes vary widely in 
immunologic responsiveness.' Some studies indicate that 
nodes dose to a primary tumor have decreased functional 
competence and increased suppressor-cell activity as com- 
pared with nodes distant from the primary tumor/ 

The intralymphatic approach has been studied in ani- 
mals M with positive results and in several human tumor 
categories. In addition to the work of Juillard and colleagues, 
augmented immunologic responses were reported in breast 
cancer and in renal cancer by Adler and associates, although 
die clinical significanceof these responses remains open." 



Our initial findings suggested that the method reprodu- 
cibly elicited substantial biologic effects, with a s i g nific a nt 
elevation of the fraction (and absolute number) of circulating 
CD4+ lymphocytes. We observed that this elevation oc- 
curred after each immunisation and in almost every pa- 
tient. 9 - 10 In a few melanoma patients, two subpopidations of 
CD4+ were identified. 11 

Since the initiation of this study, we have made several 
modifications based on possibly useful newer techniques. 
Hie reports by Berd ami Mastrangelo indicated that the use 
of low doses of cyclophosphamide may selectively block sup- 
pressor-cell functional activity, thereby leading to aug- 
mented specific immune responses. 1 * After our initial expe- 
rience, we introduced this as a pretreatment for our patients 
(series 2 and 3) . We then changed the program in an attempt 
to increase potential cell-surface immunogeaicity of tumor 
cells fay reducing uiembrane-lipid tnicroviscosity. We intro- 
duced the methods of Storaick art 
incubation with cholesteryi hemisuccinate (series 3). u 

Patients and Methods 

Thmor Vaccine 

Surgically removed tumor was dispersed by collagenase 
and deoxynTKHBidease according torn 
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idfy tnd wi^WHB^ 
removed by toad^ at 37°^ andthei 
tion was then irwBat^ 

Dosimetry and supcrviston of the radiation procedure were 
provided by Annand BouxagtoUr MD, and John Sevilla, 
MD. Firjnd«l^ was ffio#- 

fied. Ate thawing and washing, the cells were suspended In 
a pofyvbyl pyroUdone-Hanks' solution, 01 7.2, containing 
25Q^pcrmlcholesterylhcmisuc^ 
1 X l(f viaMecdlsperniilliliter t aiidi^^ 
boon at room temperature, washed, and resuspendedinlac- 
tsted Ringer's solution S to 1 0 x 10 5 viable cells per milli- 
liter before inadiation. The to 

in a hrctnfrfl piti g i> r f « unfation at a c on c en t rati on of lOto IS 
x 10* viable cells per milliliter. Viability was assessed by 
trypan blue exclusion. Aliquots of the initial preparation and 
the irradiated vaccine were routinely tested 
tamfaiationby culture as recommended by federal protocol. 14 
The viability of the tumor cells was generally about 70 % or 



higher, although occasionally a patient was treated with a 
vacdneoflower viability. 

Rztitnts 

AM patients provided signed informed consent before en* 
rolling in lids program. Approval and periodic review had 
been provided by the Institutional Review Board of the St 
Vincent Medical Center (Los Angeles), both initially and 
after the sequential modifications of the program. All pa- 
dents received a complete medical history and physical ex- 
amination, complete blood counts, biochemical profile, and 
such x-ray films, computed tomograms, art 
needed to evaluate the extent of metastatic involvement and 
the dimensions of at least one measurable indicator lesion. 
Therapy was not initiated until at least three weeks had 
elapsed from previous chemotherapy, radiation therapy, or 
surgical procedure requiring general anesthesia. No addi- 
tional antitumor therapy was permitted for any patient during 
the period of treatment on this protocol. 

Autologous irradiated tumor cells, suspended at a con- 
centration of 10 to IS x 1 & viable cells per milliliter, were 
injected over several minutes into a dorsal pedal lymphatic 
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rfiftimrf krfnted after Evans Mne was infiltrated and Udo- 
caine hydrochloride was adminis t er ed for local anesthesi a 
according to mHhflfl* used for lymphangiography. AH cot* 
down procedures were done by the staff of the Department of 
Radiology, St Vincent Medical Cotter. Patients received the 
vaccine at two- to four-week intervals as supplies permitted. 
Unless required for other medical considerations, admission 
to hospital was not needed. Far those patients receiving cy- 
clophosphamide (Cytoxan, Bristol-Myers Oncology Dhri- 
sion), the drug was injected intravenously three days before 
vaccine inoculation at a dose of 300 mg per m* following 
pittreatment with the intramuscular administration of trie- 
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tbylperazine, 10 to 15 mg (Tbitcan, Roocane Laboratories, 
Inc). 

Results 

The roster of patients, together with dinical characteris- 
tics, is provided fribble 1. As mentioned, our initial experi- 
ence, series 1, represents the tumor vaccine program unmod- 
ified. Series 2 ami 3 difteta that patients wmtreatMwi^ 
low-dose cyclophosphamide. Series 3 comprises those par 
tients whose vaccine underwent pretreatment with choles- 
terylhemisucdnate; additionally, series 3 patients, similar to 
the patients in series 2, received a priming, immnnomodu- 
lating dose of cyclophosphamide before the vaccine treat- 
ment There woe 13 patients in series 1 1 7 in series 2, and 12 
in series 3. The program was initiated June 1, 1981; we 
evaluated responses and survival as of Ally 15, l988.TkMe2 
shows the tumor types and their distribution according to 
series. 

All patients had advanced cancer, usually with pulmo- 
nary or intra-abdominal metastases. Tte 
years (range, 26 to 78). There were 8 women. Eleven patients 
had had no previous therapy; an occasional patient had had 
extensive previous treatment. The median performance 
score on the Eastern Coopered ve Oncology Group scale was 
2; six had scores of 4 (completely bedridden) and five had 
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eotsaes ofS-tfcst is, about a third of the patients werepar- 



Ufe 3 depicts &s nanniber of cycles of immunisation per 
patient, the amount of viable odlsofeadivacctoetreato^, 
Ihe onsftimum response wxoK^mg^mt^cdt^otm 
Scadiwestera Oncology Group, the time io progression, and 
ihe duration of survival from the initiation of treatment. For 
32patoSsinSltestudy 5 ther&wereaeotalof91 treatments. 
BiMples of objective responses 
m& 3. Figure 1 shows a chest K-ray film of patient 10, a 



for operable but mot resectable, la*ge-cell undifferentiated 
lung cancer. The patient received two vaccine treatments, 
with die subsequent disappearance of the lung nodule and 
improvement of mediastinal widening, both on chest x-ray 
film and computed tomography (CT) . The patient was then 
treated by his referring physician with chemotherapy and 
irradiation to consolidate die remission, but the disease re- 
curred five months later. 

Figure 2 shows the computed tomograms of patient 29, a 
62-year-old man who had an excisional biopsy of pulmonary 
nodules diagnostic of metastatic melanoma. In addition to 
pulmonary metastases, the patient had noticed a 1-cm nodule 
in the right thigh shortly before die initiation of vaccine 
treatment. The pulmonary disease showed regression, the 
thigh mass disappeared, and the patient had a reduction of 
serum concentrations to the monoclonal antibody CA 125 
from 91 to 33 ng per ml eight weeks following die start of 
treatment. The patient then showed progressive disease in 
the lung and also brain metastases after six months. 

Figure 3 shows CT scans talcen of a 45-year-old woman 
(patient 32) who presented with an atrial myxoma invading 
the great vessels. After surgical resection she was treated 
with incisional chemotherapy with doxorubicin (Adria- 
mycin, Adria Laboratories) S^drcchloridep but hepatic me- 
tastases developed. She received three cycles of autologous 



irradiated tumor cell vaccine as per the methods described . 
for series 3 patients. The follow-up scans five weeks later 
showed disappearance of several vaguely demarcated liver 
lesions ami reduction of a major lesion from 4 by 4 cm to 1.5 
by 1.5 cm. New lesions were identified on the sEdnand also in 
the lungs, but the hepatic lesions regressed. 

Patient 1 had multiple vaguely defined pulmonary infil- 
trates, which showed snore than 50% regression simulta- 
neous with the development of brain metastases, ffiatient U4 
had an exploratory laparotomy with partial resection of a 
retroperitoneal mass, not identifiable on computed tomog- 
raphy. Signs of a bowel obstruction developed 14 weeks later, 
again without tumor visible by CT scan. At an operation the 
patient had tumor obstructing the distal small bowel but the 
surgeon saw that die original tumor mass was more than 50 % 
reduced. 

Patient 17 had a resection of one of several large breast 
masses palpable and visible on mammography- After three 
vaccine treatments, the mass adjacent to die resected tumor 
appeared to enlarge and was resected. Interestingly, only 
necrotic debris was obtained. When the patient relapsed 68 
weeks later, there was a large, palpable, and darkly pig- 
mented nodule in the region from which a biopsy was previ- 
ously taken, as well as several other areas in both breasts. 

The median survival for all patients was 36 weeks. We 
note that occasionally a patient had an unusually long sur- 
vival. Patient 12, with recurrent renal carcinoma in the chest 
wall, showed a greater than 25% increase in die size of die 
tumor; he was subsequently treated with a regimen of inter- 
feron, without significant benefit, then radiation therapy. 
Lung metastases also developed. Nonetheless, he remains 



gous intralymphatic vaccine therapy started. Patient 1 5 had 
progressive liver metastases on a CT scan after three treat- 
ments with autologous irradiated tumor cells and was treated 
with two courses of intrahepatic chemotherapy with mito- 
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noyrin and iuorourasil. He has declined further medical 
evaluation but continues to wo& more than lfi9weefcs dace 
treatment was initiated* 

Direct toxicity was limited (to an occasional local infec- 
tion, rarely fever or other systemic reactions. There were no 
instances of regional adenopathy, nor did any patient have 
symptoms of immediate hypersensitivity. There was no evi- 
dence of tumor enhancement or acceleration of the clinical 
course. Wound infections and difficult cannulations were 
seen primarily in series 1 patients (three patients each). 
IPever was identified briefly in one patient, who received 
antipyretics and had a normal temperature after 24 hours. 
One patient (number 8) with colon carcinoma and extensive 
pelvic tumor had a self-limited deep vein thrombophlebitis in 
the contralateral leg; this condition required admission to 
hospital and anticoagulation but resolved without sequelae. 
The patient had no further complications until her demise 
from progressive distant metastases 32 weeks later. Another 
patient (number 13) with renal carcinoma died suddenly at 
home; at autopsy a pulmonary embolus was identified. This 
event is not unexpected in this population, but there is a 
possibility that the cutdcwn procedure, requiring immobili- 
zation on a guerney for 60 to 120 minutes, contributed to its 
development. Nonetheless, patients in the later series were 
not similarly affected. 





immunotherapy using autologous cells through iEtflafysn- 
phatic injection. The original report by MUM and col- 
leagues in 1978 showed that tumor vaccines could elicit re- 
gressions of metastatic disease, 8 a controversial notion at a 
time when it was widely held that immunologic mechanisms 
would be ineffective except for subclinical, roncromefosgstic 
disease. 1 We describe here objective regressions in 7 of 32 
patients studied It should be noted that these very 511 patiegfis 
all had tumors for which effective or even palliative tifcer^ 
is marginal. Hie responses have been limited and incom- 
plete, however, and the problem of mixed responses is disap- 
pointing. McCuneandco-woiIoers,ma8tudy6fressd 
noma, interpret mi^ responses asastrongargument^^ 
polyclonality of tumors. re Hie response of patient 32 is eo- 
couragirig, even if there was growth of tumor at other sites, 
given the severity of liver involvement and the rarity of re- 
gressions under these circumstances. 

In evaluating the population for possible prognostic fac- 
tors, we note that all of the responding patients were younger 
than 65 and most had performance status scores of 2 or less. 
The mean age of the seven responders, however, was SO, and 
that age was not appreciably different from that of the group 
as a whole (mean age, 5 1 .3 years). 

Previous chemotherapy was not a contraindication to a 
response, contrary to the experience of Weisenburger and 
colleagues. 16 That study, albeit involving allogeneic tissue 
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spbasriinWpi^^ 

tpy." fa coctra^ five of our seven rwponders had previous 

chemotherapy. 

Although we describe an evolving strategy for imple- 
menting active specific iimalym^ 
rate of tydo^bc^ ttnior 
cdb^chofc^ 
andMSCKdattrepp^ 

with cholesteryl-modificd autologous tumor cells." This 
process did not amplify die ittqwitetBtetoourstucty.The 
incidence of clinical responses is not meaningfiilly different 
among the three series: 3 of 13 (23%) in series 1, 2 of 7 
(29%)inseries2 ( and2ofl2(17%)inscries3. 

The method and experience described suggest 
tence of host responses that can have potentially useful ef- 
fects against disseminated malignancy. Attempts to identify 
the existence of relffvant sen"" imtihodigfl, described by Ahn 
and co-workere" and by Farced and colleagues, 19 have been 
unrewarding to date, both in our own laboratory ami in an 
investigation by Karen G. Barnett, PhD, Hybridtech, Inc. 
San Diego (oral communication 9 September 1987) . We have 
previously reported an initial impression that intralymphatic 
immunotherapy produces substantial augmentation of the 
CD4+ T-cell phenotypc* 11 A further analysis indicates that 
this impression is confirmable, 20 and, notably, the more sub- 
stantial increases of this subset also correlated significantly 
with the clinical response. Immunologic studies in progress 
may uncover or clarify further the underlying host-defense 
mechanisms and will be fiirther evaluated in a separate re- 
port 

Our experience suggests that the method of intralym- 
phatic inmiunotherapy is reasonably safe arnl 
obte.Itishardtoe^lainthercg^ 
itisms other than host immune responses engendered by the 
stimulus of the intralymphatic vaccine; understanding this 
process and modifying it to provide better and more durable 
responses remain a compelling challenge for further work. 

Although one of us (GL.W.) had previously initiated a 
dmibr program at a major academic center, we had some 
initial concerns about the feasibility of implementing this 
novel investigation at a community hospital. These concerns 
were not manifest in reality, and the community support 0 f 



the program was gratifying. How best to further evaluate the 
method end to introduce it into dinkal practice deserves 
attention. We are currently engaged in a clinical trial to eval- 
uate a possftk rote ffrintoleukm 2 in ^ 
technique of active specific intralymphatic immunotherapy. 
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AUGMENTATION OF DELAYED-TYPE JIYPERSENSITIVlty (DTH) TO 
TUMOR -ASSOCIATED ANTIGENS BY TREATMENT WITH AUTOUJCOUS . 
TU>OR CELL VACCINE PRECEDED BY CYCLOPHOSPHAMIDE (CY). David 
Bard, Honry Kaguirc and Mlcn&el KastringelO. FOX Chase 
Cancer Center* Philadelphia, PA lfilll, Hahnemann -M*dical 
College, Philadelphia, PA 19102 

CY pretreatment augments the development of DTH to a 
primary exogenous antigen in p*iionrs with oJvinced cancer 
In an ongoing study, we are testing the hypothesis that CY 
can augment D1H to tunor associated- antigens as well . We 
obtained tunor tis;uo> fv«n pationu - wixh advanced cancer 
who had an easily resoctable metastatic deposit. -Tumora 
were dissociated with collagenase and DNase and* the cells 
wor» etyoproicrved in human soma. ■ patients were skin- • 
tested by i.d, injoction of 10 6 U««, wtolojous rumor-. coll= 
(TC) and also with 3 x 10 6 sinHarly-cryoprcsorved blood 
mononuclear cells (MNC) ; DTH response* (iKxsn diameter in- 
duration] were measured at- 4$ h. Iwo. weeks later'they wero* 
given CY 300 mg/M 2 IV. Three days after CY, patients were, 
injected i.d. with a vaccine, consisting bf'-TC (10-50 x 10 
liv* c«ll«) mixod with o.l nl Glaxo DCG . Seventeen days 
later, they were skin-tested again; pre- and' post -tr«*tji«nt 
DTH responses were compared. So far, 6 patients' have been -■ 
enterod on the study (5 tnclanoiia, 1 breast <Ta)*- Five have 
completed pre -treatment ■ *kin t*«tlng- anil tho DTH ruap o nata 
(ma) were; TC - 5,0, A, 0.6; KNC - all 0. Two patients have- 
cowpleted at least one iamuniiation and terting. ' In ■" 
patient *1, DTH to TC incjrexsod aftor treatment fron 5 to 
14 fan. Patient *2 had no DTH to TC before treatment, but 
had b 12 kn response after treatment. Mechanically dissocia- 
ted TC »lioitod a rosponjc similar to tnat< elicited by • 
oniyno-t reared TC. CY vaccine did not augment DTH to.KNC. 
Thus , autologous JC-BCG vaccine preceded by .CY can result ' 
in development ox augmentation Of DTH to. -tumor- associated 
antigens. 
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COMBINED MODALITY THERAPY OF ADVANCED NODULAR LYMPHOMAS (NL> 
THE ROLE OF NONSPECIFIC IMMUNOTHERAPY (MBV) AS AN IMPORTANT 
DETERMINANT OF RESPONSE AND SURVIVAL. S.KempIn, C.CIrrlncone, 
J. Myers, B. Lee III ,D. Straus. 8- Kox<ner.Z.ArHn, T.Cee, 
R.Mertelsmann, C:P1nsky»E.Cotnacho, L.NIsce, L.01d,B-Clarkson, 
H.Oettgen, Memorial Sloan-KetteMng Cancer Center ,N«w York, 
N.Y. 10021. 

Since June 1975 56 patients (pts) with NL(Stages 1HV) 
were treated with tne NHL-4 protocol, consisting of two se- 
quential rogltnons: UTMotep*, Vincristine, Chlorambucil anO 
Prednisone (6-12 cycles) followed by II-Cyclophosphftifl1de,Ad- 
rlamvcln, Melphalan and Prednisone (4 cycles) (ASC0 22-.5U, 
1 9 Bl). Radiotherapy (RT) was administered to Initial areas of 
bulky_ disease at the conclusion of chemotherapy or to nodal/ 
extranodal sites responding only partially to chemotherapy. 
mbv, a heat Mlled preparation or S. pyogenes and Ser.marces- 
cens, was administered in a randomized* fashion, &ubcutaneous- 
ly. one week prior to each chemotherapy cycle, 1 to 26 Dts.KfiV 
was administered up until the completion of regimens I and n, 
then discontinued. The overall complete (CR) and -partial ♦ re- 
sponse rates were 621 and 32? respectively.' The- CR rate of 
vaccinated patients was B5X vs. 44% f or non vaccina ted pts. 
The survival duration of pU treated with MBV" 1 s ' significant- 
ly better than nonHBV pts (P=.029h howewr.-wUh a median 
follow up of 34.3 months no plateau has yet been reached for 
cither group. Relapses have occurred 1n 20* of HBV-CR'pts vs. 
42* of nonHBV CR pts. Of the 10 CR -pt< who' have relapsed, only 
5 pts have received RT and all relapses occurred In nonisol- 
ated previously "unlnvolved" sites.* Including PR -pts ,83%: re- 
lapsed or progressed in previously involved .'unirradiated ,v 
sites. This trial suggests that MBV may have a significant 
therapeutic role in this combined modality approach ;Whether 
longer term maintenance littnuno there py or more aggressive ra- 
diotherapy (I.e. totaVnodal) should be used can- only be- de- 
termined by long term comparative randomized .trials. ' 
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ACTIVE SPECIFIC IMMUNOTHERAPY IN MALIGNANT 
MELANOMA- ECOO PILOT STUDY PcV6"S0. J-E. Harris, A.C. 
Hollinshead, B. . Fuller, and S- Nisiu*. Hush Medical College, 
Chicago and Geo, Washington U. Med. Ctr^ Washington. 

SLxTeen patients (pts) with disseminated malignant melanoma 
who had failed at least one course of chemotherapy were treated 
by intradermal vaccinations with 0.2 ml of melanoma cell mem- 
brane extracted tumor-associated antigens (TAA) + 0.2 ml Frcund's 

Complete Adjuvant (FCA) given monthly up to 3 times. TAA was 
purified from a soluble membrane* poo! obtained from melanoma . 
cells metastatic to lung and liver. TAA was obtained after gel 
filtration ond separation by preparative polyacrylaniide gel elec- 
trophoresis (PACE) and n/ece analyzed by dUcontinuoua-gradlont 
PACE. Of 15 evaluahleprs. (10 males, 3 females; median age 38 
years (yts), range 37-70 vte.) 7 progressed following 1 vaccination 
dying 3.0. 0-5, KO, 2-3, 5.0, and 0.5 months (moa.) lotcn *-p*» 
progressed foUowlng 7 vaccinations; 3 dying 1-0 and 2.0 mos. 
later, with 1 currently alive at 5.0 mos.j v pts progressed following 
3 vaccinations; 3 dying 3.0, 5 J and 1.3 moa. later wirt 1 CUITcntJy 
alive 5-5 mos. later. One partial remission of disease (complete 
regression of soft tissue skull metastasis with no change in inguinal 
node mocuutic dbcue) was seen following tne second vaccination 
In -a- pt. who then relapsed: and died 7 Weeks after the 3rd 
vaccination. There was no. relationship between tolerance of, or 
ability, to complete the 3 vaccination regimen and (1) performance 
status,: 01) extent and nature, of metastatic dloease, (Ul) amount of 
prior cytotoxic drug therapy- Patients receiving 3 vaccinations had 
longer disease-free intervals between primary resection and tumor 
recurrence than did those, receiving- 1-2 vaccinations- Toxicity: 
transient pain at sites of vaccination ■ and temperature elevation 
(93-100 F) on the days of vaccination. All vaccination sites 
ulcerated i none became infected; all crusted over. This Phase 1 
study establishes that extracted tumor antic*" ^ F CA may bo 
given to malignant melanoma pts. with tolerable morbidity. It has 
antitumor activity and may be useful for immunoprophylaxU in the 
adjuvant setting- 
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EFFECT. OF CHEMOTHERAPY ON MONOCLONAL ANTIBODY- 
DEFINED LEUKOCYTE SUBSETS IN SOLID TUMOR CANCER 
PATIENTS- Donald P. Braun v 3ules E. Harris and Samuel G- 
Taylor I1L Rush Medical College, Chicago, Illinois. 

Percentages and numbers of T cells, monocytes and T cell 
subsets were measured in peripheral blood mononuclear cells 
(PBMC) from solid tumor cancer patients receiving chemotherapy. 
The patient population consisted of: 1 patient with breast cancer 
who received adjuvant chemotherapy with melphalan and 5- 
lluorouradi; a patients with non T s mall cell lung cancer who 
received mitomycin C, cisplatln and vlndesine, 3 patients with 
small cell lung cancer who received Cytoxan, adriamycin and VP- 
U, 1 patient with melanoma who received methyl-CCNU, and 1 
patient with colon carcinoma who received Cytoxan, Oncovin and 
methotrexate. The following Jeiibocyt* Assets were enumeratcdi 
(1) T cells by sheep erythrocyte resetting,, (ii) T cells by OKT.3 
monoclonal antibodies; .. (Ul) helper/inducer T cells by OKTJt 
monoclonal antibodies, (iw) «upprec*or/cytotoxic T cells by OKT.8 
monoclonal antibodies, (v) monocytes by latex iruEertion and (vi) 
OKM.l ♦ cells by monoclonal antibodies. Levels of phytohemag- 
giutlnuv-induced (PHA> DMA =ynthc»l«. were measured to deter- 
mine whether drug-induced changes in leukocyte subsets were 
associated with, changes in immune function. In all ol the patients 
studied, absolute numbers., of lymphocytes .and E resetting cells 
declined following drut treatment; thw* was no difference in the 
extent of depression or rate of recovery In any T cell oubaet. The 
percentaBp.of latex-ingeBXihg'.p&MC '•and-OK.M.l- -» cells were 
lound to decline in 6 patients, following ;thelr drug- treatment. PHA 
responsiveness In PBMCirom 9 to 1 0 ; drug, treated cancer patients 
•improved to at least l*J% ol pretreatment levels of function 
-fallowing therapy. That «oi ***ociated In,. irctnncea with n 
decline In, percentages ol latex Ingesting cells and OKM.l ♦cell* 
out was never associated with selective changes in T cell subsets. 
Combination chemotherapy does not differentially affect the 
percentage of T cell subsets but may sometimes depress monocyte 
percentages in the PBMC of treated cancer patients. 
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Cellular Immunity and the Immunotherapy of Cancer 



N7 406 ENHANCED EXPRESSION OF MHC MOLECULES AND 

^TIMHLATTON OF AUTOLOGOUS TUMOR INFILTRATING 
LYMPHcl^S^TlSScTlON OF MELANOMA CELLS 
W.TH ^GENES Masahiro Ogasawara and Steven A. Rosenberg. 
Suraerv Branch. NCI. NIH. Bethesda. MD 20892 

9 '* Gene Therapy lor cancer Is being tested in ducal mrt by 
using tumor intiltrating lymphocytes (TIL) or tumor ce. | > mod ,ed 
bv the insertion of genes coding lor IL-2 or TNF-a. In the present 
sLrwe investkjated the feasibility ot transducing human tumor 
c« B enes ~dlng .or IFN-y or IFN-a. olhe ' 
cytokines that can enhance host antitumor .mmune '«P°"* es - 

Tumor cells from twelve melanoma and two renal eel! 
carcinoma patients were transduced with IFN-t. retrov.ral vectors 
" both IFN-t secreting and non-secreting tumor Imes. the ce« 
suriace expression ot HLA class I and class II molecules increased 
oltorngTanS"c.ion. However the magnitude of the increase .n 
*C expression appeared to be greater in tumor lines secre ,ng , IFN- 
, Northern bloranalysis showed IFN-T transcripts only in IFN-y 
transduced ceUs. The amount ot RNA transcribed correlated roughly 

• ¥ *" ' FN ^o e m—a cell .ines were successtul-y t™ sduced £ 
an IFN-a retroviral vector. Melanoma cells transduced w, h the IFN- 
a aene transcribed IFN-a RNA and secreted large amounts ot IFN-a. 
to £n?>£ "cells transduced with the IFN-y gene, the express* o. 
HlTc last II mo«ecu.es was no. increased in IFN-o^ -transduced ce»s 

Finally, we tested the ability of HLA.DR. melanoma eel s, 
which had been transduced with the IFN-y gene ^^f ,e s ^ 
cytokine release by autologous CD 4- TIL. Both GM-CSF and FN-y 
we* seeded when the lymphocyte* and tumor cells were cu. ured 
Together but no. when they were cultured alone or with control tumor 
cX These results suggest that the HLA.DR molecules newly 
expressed on the transduced cells promoted antigen prese ntanon and T 
ceS responses against the transduced tumor cells. The msert.on of 
?FN-yTnes into melanoma cells may be useful either for^ act,ve 
immunization against melanoma or lor the generate of TIL to be used 
in adoptive immunotherapy. 



M7 Am rftrO VIRAL MEDIATED GENE TRANSFER OF IU2 
NZ SlKsK T^RIGENICITY IN MURINE B CELL 
LYMPHOMA. Orchard PJM Katsanis E. 1 , Gordcn K.\ May C>, 
Mclvor R.S 2 and Blazar B.R. 1 * 2 'Department of Pediatrics. Division 
of Bone Marrow Transplantation and institute of Human Genetics. 
Department of Laboratory Medicine and Pathology. University of 

^^tc^afwincrcasc immune responsiveness against etherise 
minimally immunogenic malignancies by the tr^sfer of cyto^ 
genes inw tumor ceUs has been of great interest Wehavc «gr^ 
Uie effect of endogenous production of lnterteulan-2 (IL-2) or i BDL-^ 
a murine B cell lineage lymphoma, by transducing BD^^fc a 
retrovirus (LIL2SN) we have constructed containing the human IL-2 
cDNA under transcriptional regulation of the Moloney ^B*™^ 
repeat, the SV40 internal promoter and ^ neomycin 
phosphotransferase gene. BDL-2 clones tran^uced^ LE^SN 
were isolated by limiting dilution in G-418. and have shown to 
secrete 0.2 - 88.5 U IL-2/10 6 ceUs/mU24 hours (n^29^/mL) by 
SSL No changes in phenotype (MHC class ^^'^ 
ICAM-1 or surface IgG) or variation in the rate of proliferation were 
observed following retroviral transduction and expression ofIL-2 
Intravenous (iv) or intraperitoneal (ip) injections of this IL-2 secreting 
BDL-2 clone in syngeneic Balb/c mice resulted in significantly 
increased median survival rime (MST) when compared to controls . (p< 
0 03 and p< 0.001. respectively). Immunization with irradiated IL-2 
secreting Tumor cells subcutaneously (sc) resulted in enhanced survival 
(rx 00002) following live tumor challenge with the parental BDL-2 
line 14 days later. In a minimal residual disease model, iv injection of 
105 BDL-2 cells followed on day 12 by sc administration of 10 
irradiated IL-2 secreting cells resulted in a significant (p< 0.01) 
improvement in MST. In vitro 5l C r release ^ assays d^™cd 
sensitivity of BDL-2 to both natural Liller (NK) populations and 
activated cytotoxic T cells. In vivo depletions of CD4 + cells (RL 172 
antibody) CD8 + cells (2.43) and NK cells (anti-asialo GMt) were 
performed. Depletion of CD8+ and NK cells resulted in decreased 
survival in mice inoculated with IL-2 secreting tumor cells iv. 
compared to controls and to mice depleted of CD4+ cells. /Hus 
implicates both cytotoxic T cells and NK cells as important m the 
resi Snce of Balb/c mice to a IL-2 secreting BDL-2 tumor line in vivo. 



NZ 408 EXPRESSION OF ^^^^^^^^S DISEA^E^ 
MELANOMA CELLS INHIBITS METASTATIC DISEASE. 
S. Ostrand-Rosenberg and Noelle Patterson, Dept. of Biology, 
University of Maryland, Baltimore, MD 21228. 
P^vious "studies Zve established that transfection of 
class II genes into constitutively class II" mouse sarcoma cells produces 
af — ogenic tumor (Sal/A") which is rejected by the ^ogous 
host, and which effectively immunizes the host agains » «*« J 
wild type class II tumor. We have hypothesized that the Sal/A 
uansfe«anis induce protective immunity because they funcuon asanugen 
presenting cells (APC) for endogenous^ synthesized tumor prudes, and 
Utereby stimulate tumor-speciftc T t cells bypassing the jieed for 
professional APC. In the present study we demonstrate that 
immunization with MHC class II gene Defected «™£J5~£ 
autoloeous host against subsequent roetaaauc disease. The C3H-denved 
(S K1735 melanoma gives high levels of spontaneous (subcujaneou 
uVocu aUon) and experimental (intravenous inoculauon) metasasuse , in 
syngeneic C3H mice. In order to test the protective potential of MHC 
cto H + K1735 cells, wild type K1735 tumor cells were transfeefcd wrth 
svneeneic A ' A," MHC class II genes, and/or neo R gene, and 3 c ones 
expre^Tngh gh levels of l-A k molecules selected (K1735/A* clones). At 
ZTr doL ringing from ltf to 5 X 10* i.v.. the class II* uansfectantS R 
give 5-10 fold fewer lung metastases than their wildtype class n or neo 
Ilone counterparts. C3H mice inoculated subculaneously •AdaD 
K1735 cells have significantly lower frequencies of primary rumors ^and 
spontaneous metastases, as compared to mice receiving wild type K1735 
S. We have also tested the ability of K1735/A' cells to .mmun.ze 
aeainst wild type tumor. Autologous C3H mice immumzed with fixed 
class n + K1735 cells and challenged i.p. 1-3 months later with wild type 
K173S tumor have greatly reduced primary tumor growth and 
Tpontaneous metastasis formation relative to naive, unimmumzed 
recipients These studies indicate that txansfection and expression of 
^Ec' MHC class II genes significantly reduces the metastttic 
22 of a mouse melanoma, and provides an immuntzauon stategy 
for protecting against subsequent metastauc disease. 



NZ409 THE RETROVIRAL VECTOR MFG ALLOWS HIGH 
EFFICIENCY TRANSDUCTION OF HUMAN 
PROSTATE CANCER CELLS: IMPLICATIONS FOR GENE 
THERAPY OF PROSTATE CANCER . Martin G. Sanaa, 
Sujatha Ayyagari, Liz Jaffee, Drew M. PudoU, 
Richard C. Mulligan, and Jonathan W. Simons, 
Oncology Center and Brady Urological 
Institute, Johns Hopkins Hospital, Baltimore, 
MD, and the Whitehead Institute, MIT, 

„raddr g es S eTt h e feasibility of gene therapy 
for human prostate cancer using W^, an 
amphotrophic and replication d ^ ect a ^ 
retroviral vector lacking the gag, pol, and 
env genes. First, conditions °Pt»£""| 
transduction efficiency us ?j „„ heta- 
(containing the gene encoding beta 
galactosidase) were identif 'led with 
transduction of four long term human Pr° st «ic 
adenocarcinoma cell lines. D^-dextran dose 
and virus-target coincubation titration 
demonstrated optimum transduction efficiency 
at 80ug/ml of DEAE-Dextran with 5 hours of 
taraet exposure to viral supernatant. Using 
these conditions, 21-82% transduction 
efficiency was achieved. We then used these 
conditions to transduce prostate cancer cells 
from patients undergoing T *ff*Z 
Prostatectomy. Cultured cells derive d I tro* 
surgical specimens were confirmed to be or 
prostatic Epithelial origin by xmmuno- 
histochemical detection of luminar epithelium 
specific cytokeratin 18, and by detection of 
Prostate Specific Antigen (PSA) secretion by 
these cells. 200 - 300 fold expansion was 
achieved in vitro prior to «"«cence of 
cultured cells. Efficient transduction by MFG- 
lacz of such primary culture prostate cancer 
cells from 7 consecutive patients (trans 
duction efficiency range, 4.3% to 50%; nedian. 
15.2%) demonstrates the feasibility of using 
MFG in genetic therapy for prostate cancer. 
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THE ENDOCUT NEEDLE: ENDOSCOPIC CORE BIOPSY 
WITHOUT NEEDLE TRACK SEEDING. *Chris J Parker, 
*Brian R Birch and Ronald A Miller. London, UK. 
(Presentation to be made by Dr Birch). 

The Endocut Needle (Cook Urological) is the 
first spring loaded, automatic, core biopsy 
needle which can be passed via the instrument 
channel of a cystoscope, nephroscope or 
laparoscope. Biopsy procedures can be carried out 
mder sedation and local anaesthesia as day- 
cases. A prospective study of 10 consecutive 
patients requiring prostatic biopsy was carried 
to assess the accuracy and acceptability of this 
new instrument. 

After preliminary cystoscopy prostatic 
biopsies were taken x2 with the endocut needle 
(EN) per urethram (direct vision) and x2 with a 
Trucut needle (TN) per rectum (blind). Four 
patients subsequently underwent prostate 
resection (TURP) and the material so obtained was 
compared with that from earlier EN and TN biopsy. 

Prostatic tissue was obtained in all (20/20) 
cases of EN biopsy but fat/fibrous tissue only 
was reported in 3/20 TN biopsies. EN biopsy 
histology was compatible with TURP material in 
all 4 cases. TN biopsy agreed in just 3/4 cases 
missing one diagnosis of carcinoma. EN biopsy was 
preferred to TN biopsy by all patients 

It is evident that EN biopsy is accurate (an 
echogenic needle is available where ultrasound 
localisation is required), preferred by patients, 
reduces the risk of sepsis and operator injury 
and provides core samples suitable for 
histological examination. In the prostate this is 
achieved without the risk of needle-track 
seeding. Synchronous endoscopic and histological 
assessment of prostate (or bladder) tumours can 
then be performed as an out-patient. 
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LYMPHOKINE TRANSFECTED PROSTATE CANCER 
CELLS GENERATE AN ANTI TUMOR EFFECT IN VIVO. 
*D. Branch Moody, 'Charles M. Ewing and *William B. Isaacs, 
Baltimore, Maryland. (Presentation by D. Branch Moody) 

We demonstrate an anti-tumor effect of lymphokine- 
transfected tumor cells against an anaplastic, rapidly growing 
rat prostate carcinoma. Lymphokine-secreting tumors were 
prepared by transfecting cDNA for Interteukin 2 (IL2) and 
Interleukin 4 (IL4) into the MAT LyLu (MLyLu) subline of the 
Dunning rat prostate carcinoma. Injection of the 7x10 5 MLyLu 
cells produced lethal tumors in 100% of control rats; whereas, 
the same number of IL2-transfected MLyLu cells produced no 
tumors in 32 animals. The lymphokine-transfected cell therapy 
gave partial protection against subsequent injections of 
parental tumor. Ten of 20 animals injected with parental tumor 
2-3 weeks after treatment showed no tumor growth. Animals 
suffered no readily apparent toxicity from the treatment 
Currently, experiments are underway to further define the 
duration of the anti-tumor effect, maximal tumor burden which 
can be treated with IL2-transfected tumor, as well as potential 
synergy between cells transfected with IL2 and cells 
transfected with IL4. The results indicate that interteukin- 
secreting prostate cancer cells result in the rejection of an 
otherwise lethal prostate cancer cell inoculum and give short 
lived partial protection against subsequent challenge with 
parental tumor cells. This work is the first use of this novel 
lymphokine therapy of prostate cancer in animals. 
(DBM supported by American Cancer Society Institutional 
Research Grant.) 
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A NOVEL MULTIDRUG RESISTANCE-1 RELATED PRODUCT 
SYNTHESIZED EXCLUSIVELY DURING THE REGRESSION OF THE 
RAT VENTRAL PROSTATE GLAND. Han J. Leibovitch, Carl A 
Olsson, Benad Goldwasser and Ralph Butty an, New York, NY and Tel 
Hashomer, Israel (Presentation to be made by Dr. Leibovitch). 

The rat ventral prostate gland is an outstanding model to 
characterize the molecular pathway by which programmed death 
(apoptosis) ts activated. Castration rapidly induces apoptotis in 
prostatic epithelial cells. As with other cell activities, apoptosis requires 
the synthesis of proteins and RNA; thus we can surmise that some 
produces) made after castration is needed for the cell to die. We 
have already described constitutive gene products that are induced 
during regression. Other gene products have been identified (sulfated 
glyco protein^ and the Yb1 subunit of glutathione S -transferase) that 
are so intensely induced they seem specific for dying cells. Our 
studies on the role of multidrug resistance (MDR) genes. in the prostate 
has allowed us to identify another member of this latter category, a 
gene product related to MDR-1 P-glycoprotein. Low stringency 
hybridization of Northern blots containing mRNA from regressing ventral 
prostates shows the intense induction (150-fold) of a 2 kb transcript 
(compared to 4.9 kb for MDR-1 mRNA). While undetectable in normal 
ventral prostate, the expression of this mRNA reaches a peak at 3-4 
days after castration and declines thereafter, being barety detectable 
at 1 week. By screening a cDNA library made from 3-day castrate 
prostate mRNA, we have isolated clones for this gene and sequencing 
studies should determine its relationship to the normal MDR-1 product. 
This finding provides another member of the regression-associated 
products with which to identify genetic elements determining death- 
specific expression. 
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INVESTIGATION OF RETINOBLASTOMA TRANSCRIPTS IN 
PRIMARY PROSTATIC ADENOCARCINOMA 0 . *J.A. Petros, *S.B. 
Oowton, W.J. Catalona. St. Louis, MO (Presentation by Dr. 
Petros) 

Tissue has been preserved from 60 patients whose prostate 
was removed for clinically localized prostate cancer. 
Intraoperative selection of tumor was made, and specimens were 
frozen immediately in liquid nitrogen. Messenger RNA was 
purified by cesium chloride ultracentrafugation and by oligo dT 
resin affinity chromatography. Of 12 specimens investigated to 
date, 4 have shown absence of retinoblastoma (RB) mRNA when 
a cDNA probe which hybridizes with the 5* region of the RB gene 
(kindly provided by Dr. Takahashi. Baylor College of Medicine, 
Houston, TX) was used in RNA blot analysis. Integrity of mRNA 
and uniform RNA application to the gel were documented by re- 
hydridization with an actin probe. These results have not yet 
been reconfirmed by reanalysis of the same samples. If verified, 
these data suggest that the mRNA encoding the RB protein is 
partially or wholly absent in some primary human prostatic 
adenocarcinomas. Investigation is currently in progress to 
determine if the 3' region of the RB gene is transcribed in these 
tumors, or if the mRNA is completely absent. Future 
investigations will address the genomic mutation(s) responsible 
for abnormal transcription, as well as correlation with tumor 
behaviour and patient outcome. 

"Supported by NIH Surgical Oncology Training Grant 
#1T32CA09621 02 and the Urological Research Foundation of 
Washington University 
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Serial No.: 08/203,004 Art Unit: 1642 
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For: COMPOSITION AND METHOD OF USING TUMOR CELLS 



DECLARATION OF DONALD P. BRAUN. PH.D. 
UNDER 37 C.F.R. S 1.132 



Hon. Commissioner of 
Patents and Trademarks 
Washington, DC 20231 

Sir: 

I, Donald P. BRAUN, hereby declare and state as follows: 

1 . I am a citizen of the United States of America and am more than 2 1 years of 

age. 
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Declaration of Donald P. Braun Under 37 C.F.R. § 1.132 
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2. I presently hold the title of Administrative Director of the Medical College 
of Ohio Cancer Institute and Professor of Surgery at the Medical College of Ohio, 3120 Glendale 
Avenue, Toledo, Ohio, where I have been employed since 1999. Prior to this position, I held the 
positions of Director, Scientific Program Development and Professor of Medicine and 
Immunology/Microbiology at the Rush Cancer Institute, Rush Medical College, Chicago, Illinois. 
I hold a Ph.D. and M.S. degrees from the University of Illinois at the Medical Center, Chicago, and 
a B.S. from the University of Illinois, Urbana. I have over 25 years research experience in 
immunology, microbiology, and oncology, particularly cancer immunology. My qualifications are 
set forth more fully on the copy of my Curriculum Vitae, attached as Exhibit A. 

3. My only connection with Avax Therapeutics, Inc. ("Avax"), is as a clinical 
researcher. I understand Avax has licensed certain patents and patent applications by Dr. David Berd 
(solely or with others) related to haptenization of tumor cells to generate an effective anti-tumor 
immunotherapy ("technology") from Thomas Jefferson University. I am not an employee or 
shareholder of Avax. 

4. I know Dr. David Berd professionally. However, we have not collaborated 
on any research. 

5. The law firm of Darby & Darby, attorneys for Applicant, has retained my 

services as an expert in connection with prosecution of these patent applications. In connection with 

these services, I attended and participated in a personal interview with the Examiner on 

Serial No. 09/203,004 Docket No. 1 225/0C674 

Declaration of Donald P. Braun Under 37 C.F.R. § 1 .132 Page 2 



January 5, 2001. The law firm is compensating me for my services. Thus, I have no personal 
interest in Avax or the patent applications. 



6. I have read and am familiar with Berd et al., Proc AACR 1989;20:382 
(hereinafter "Berd 1989"; a copy is attached as Exhibit B). In particular, it is my understanding that 
the claims of the above-identified application have been rejected in part because the Examiner 
believes that Berd 1989 teaches a successful method of inducing an antitumor response comprising 
regression of a metastatic melanoma tumor by administering cyclophosphamide prior to autologous, 
irradiated, DNP-conjugated melanoma cells in combination with BCG. 

7. In my view as one of skill in the art in this field, the Berd 1989 abstract does 
not describe successfully treating melanoma tumors with a haptenized melanoma tumor cell 
immunotherapy vaccine. The abstract, like most of the abstracts presented at the AACR meetings, 
optimistically reports preliminary observations from a new protocol. Because the abstract omits 
certain details, and because by its own terms the results are preliminary, one of ordinary skill in the 
art would not be able to conclude from this Abstract that one could effectively treat melanoma, much 
less any other type of cancer. Nothing in the Berd 1989 abstract suggests that this approach 
addresses fundamental questions of tumor vaccination (e.g., as posed in a 1993 review on tumor 
vaccination written by myself and Jules Harris, M.D. for the Biotechnology Journal (V olume 1 , No. 
3), entitled "Cancer-Concept to Clinic" (Exhibit C)); which type of immune response are most 
important in a host response to cancer (Exhibit C, p. 28 and Table 1 ); whether whole cells or extracts 
should be used (Id., pp. 28-29); whether to use adjuvants or cytokines (Id., p. 29); and whether an 
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antitumor response would lead to autoimmunity (Id.). Furthermore, with respect to whole cell 
vaccines, whether to use autologous or syngeneic cells; fresh surgical specimens or cell lines; 
irradiation; reproducibility; and other factors (Id. P. 29, Table 2). The haptenization protocol ofthe 
Berd 1989 Abstract not only fails to address these variables, but also raises a new issue. 
Consequently, in 1989, one of skill in the art would not have viewed Berd 1989 as establishing an 
effective protocol for cancer immunotherapy. 

8. By way of background, as described during the interview, early work on 
developing tumor vaccines in animal models yielded successes far beyond the reality for humans. 
Animals used in these models are typically immunocompetent, and the tumor cell lines (unlike 
spontaneous tumors) bear one or more strongly immunogenic antigens. Under these circumstances, 
the ability to generate an immune response cannot be viewed as particularly surprising. Unlike 
animal models, human cancer patients are typically immunosuppressed, whether from the tumor or 
chemotherapy. Spontaneous human tumors are weak immunogens. Thus the trick is to determine 
how to break tolerance and elicit immunity in a human subject. In 1992, Hanna and colleagues 
proposed one route, albeit based on animal data; but their results were inconclusive (Exhibit C, p. 
30). Berd and colleagues offered another approach, pretreatment with cyclophosphamide to inhibit 
suppressor T lymphocytes ad.) In the context of these multiple approaches, it was, in 1989, 
unknown and unknowable whether haptenization was a viable approach to elicit immunity to 
unhaptenized melanoma cells, much less that the approach could have therapeutic potential. 
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9. In my view as one of skill in the art in this field, the Berd 1989 abstract does 
not provide a definitive protocol. The description of the vaccine is ambiguous, stating that 10-25 
million cells are used. It does not state if these are given as a single injection or divided into multiple 
sites, nor does it specify the route of administration (e.g., intradermal, subcutaneous, or 
intramuscular). It does not specify if the injections are given in proximity to tumor sites or even 
directly into the tumor site (a location that one familiar with the literature at the time would assume 
from a reading of this abstract). It does not state how conjugation to DNP was performed or the 
extent of tumor cell substitution. It does not specify the ratio of tumor cells to BCG microorganisms. 
It also does not describe the schedule of vaccination beyond stating that vaccine or DNCB 
sensitization occurred 3 days following low dose cyclophosphamide i.v. administration. The 
statement "after 2 vaccine treatments (8 weeks)" is totally ambiguous. It is not clear if this 
represented apoint 4 weeks following vaccine #2, 3 weeks following vaccine #2, 2 weeks following 
vaccine #2, or 1 week following vaccine #2. A vaccination schedule of every 55 days could apply 
to what is described as readily as any of the other schedules listed above. Hanna and Peters (Cancer 
Research 1978;38:204-9, attached hereto as Exhibit D) emphasize the critical importance of dose, 
schedule, route of administration, and ratio of viable tumor cells to BCG organisms in the outcome 
of autologous tumor vaccines. The Berd 1 989 abstract, however, provides none of these details, nor 
could they be deduced. Without these details, one of ordinary skill would be unable to practice the 
technology predictably, and furthermore would have little incentive to view this approach as any 
more promising than a myriad of others. 
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10. There is no indication in the protocol that patients have developed an 
immune response to unmodified cells. The opening statement of Berd 1989 indicates that a 
previous method practiced by Berd using non-haptenized tumor cells induced DTH to melanoma 
cells. But in the Berd 1989 abstract, DTH testing was done only with DNP-modified tumor cells 
or DNP-modified autologous lymphocytes following patient sensitization with topical application 
of DNCB. The positive reactions described in the Berd 1989 abstract are not surprising given the 
experience of Fujiwara (J Immunol 1980;124:863-869; attached hereto as Exhibit E), Sherman (J 
Immunol 1979;123:501-502; attached hereto as Exhibit F), and others using haptens to sensitize 
hosts against haptenized target cells. However, the vaccine protocol of the invention involving 
intradermal injection of hapten-modified autologous tumor cells, results in DTH to autologous noih 
haptenized tumor cells, an event that could not have been anti cipated nor expected as a result of what 
is described in the Berd 1 989 abstract or from what was known in the literature. 

1 1 . There is no convincing indication that the patients described in the Berd 

1 989 abstract received any clinical benefit The descriptions of inflammatory reactions, CD4 and 

CD8 infiltration, and fluid accumulation over tumor lesions is no indication of clinically significant 

tumor regression (defined by those practiced in the art as a greater than 50% reduction in tumor size 

without concomitant progression in other sites). In fact, the description of lesion changes in the 

patients would be expected at the time of its publication, since one would presume based on 

Fujiwara (Exhibit D), that the patients had been sensitized to DNCB and then injected intratumorally 

with DNP-modified tumor cells. A skilled immuno-oncologist would have presumed that the tumor 

cell vaccine, which produced the described physical changes in proximity to tumor sites after only 
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two vaccine treatments, had been administered by intratumoral injection as taught by others (while 
not practiced by the Berd protocol developed subsequent to the 1 989 Abstract). The same outcome 
would have been seen if the patients had been sensitized to BCG and then injected intratumorally 
with BCG. Thus, the description of the lesion changes in the 1989 Abstract would be impossible 
to interpret as indicative of a clinical response to a systemic vaccine. A reader would assume that 
a clinically meaningful tumor regression, if present, would have been reported in the abstract, and 
that the absence of such a report represented uncertainty. 

12. For all of these reasons, the Berd 1989 abstract does not disclose a method 
for the successful vaccination of cancer patients using haptenized autologous tumor cells. 

13. A final basis for the above statement can be deduced from Exhibit C. As 
discussed above, this review cites the work by Hanna and Hoover (references 7-9), and the work by 
Berd et al. employing non-haptenized melanoma cells (reference 10), among a number of hopeful, 
even promising, research approaches to cancer immunotherapy. Had the Berd 1989 abstract been 
indicative of a clinically meaningful vaccine methodology, that approach would have been 
considered in the review as well. 

14. I declare that all statements made herein of my own knowledge are true, and 

that all statements made on information and belief are believed to be true. I further declare that these 

statements were made with the knowledge that willful false statements and the like so made are 

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
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code and that such willful false statements may jeopardize the validity of the instant application or 
of any patent issued thereupon. 



Date: «Y 



Respectfully submitted, 



Donald P. Braun, Ph.D. 



Enclosure: Exhibit A: Curriculum Vitae of Donald P. Braun, Ph.D. 

Exhibit B: Berd et al., Proc AACR1989;20:382 

Exhibit C- Braun and Harris, Biotechnol J 1993;1 , No. 3. 

Exhibit D: Hanna et al., Cancer Research 1978;38:204-209 

Exhibit E: Fujiwara et al., J Immunol 1980;124:863-869 

Exhibit F: Sherman, J Immunol 1979;123:501-502 
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Member, Small Business Innovation Grant Review Study Section, NCI. 
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Mentor. 

7 "Cancer Patient Macrophage Function in Tumor Environments". Source: NIH/NCI 
0CA58922. Period of Support: 12/31/92-07/01/96 as Principal Investigator. 
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Source: Sterling International. Period of Support: 03/01/92-10/01/93; as Principal 
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17. Braun DP and Dmowski WP. Endometriosis: Abnormal Endometrium and Dysfunctional 
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Tuaor Inf luutory reiponM induced by IwwnUatioa with 
Autologous mLadocea colU conjugated to dlnltroph«nol(DHP). 
S D. Bord, M.J. Kaierangelo, C. Green, C. Clerk, end E. Bert. 
Thoeue Jaffereon Ontverelty, Phlled«ipble t PA 19107, 

Treet»ent of aelinou petlenti vith en eutologoua 
vecclne preceded by low doie cyclophoeph««lde (CT) 
Induces deleyed-type hyper. eneltlvity (DTH) to velenoae 
celli, end In iom ceeee, regression of cMitestetlc ttmore. 
How, we ere attempting to Increaae the efficiency of the 
process by lonxnliing with tumor cells conjugated to the 
hapten, DNP. Patients with swtastatlc •eUnom* vera 
sensltlxed to DKP by topical application of dlnltrochloro- 
bencene (DNCB). Two weeke later, they were Injected with 
a vaccine conaiatlng of 10-25x10(6) autologoua, Irradiated 
neUnoaa cells conjugated to DHP and mixed with BCC. 
CY 300 mg/M 1 IV was given 3 days before DNCB or vaccine. 
Of 4 patients evaluable eo far, 3 have developed a atrlklng 
Inflammatory response In tumor susses after 2 vaccine 
treatments . (8 weeks). Patient tfl developed erythema and 
•welling in the >50 large (1-3 cm) dermal Mtaataaes on 
her leg end lower abdomen, followed by ulceration and 
drainage of necrotic material, and soma are beginning to 
regress. Biopsy showed Infiltration with CD4+ and CDW- 
T lymphocytes. Pstlent #2 developed erythema and swelling 
In the skin of her lower abdoswn and groin overlying large 
(8 cm) nodal masses. These have not yet regressed, but 
heve changed In consistency from rock-hard to fluctuant. 
Patient #3 exhibited moderate erythema In the skin over- 
lying subcutaneoua metaatases* All 3 patlenta have 
developed DTH to both DNCB and to DNP-con jugated autologous 
lymphocytes. Although these results are preliminary, they 
suggest that this new strategy may represent a significant 
advance In the immunotherapy of human melanoma. 
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Ant 1-ldlo type monoclonal antibody Immunization tUerapy of 
cuteneouii T cell lymphoma. Chatter jee, H. , Fooa, K*. Seom^ 
B.K., Barcoit, H. and Ko^ler, H. , Koavell Park Kcm. Xnat^g 
Buffalo, NY 14263, and UC5D, San Diego, CA 9216U vfi 

Cutaneoua T cell, lymphoma (CTCL) In an Indolent 
non-Hodgkln'a lymphoma which la not cured by atandard «1 
theraplea once it reachea advanced atsge. A novel *ppr< 
to therapy 1* to uae Internal Image antl-ldlotype (Id) sAfeff 
an antigen (Ag) aubatltute for the Induction of lmaunlty^«| 
Ve have generated anti-Id nAb (Ab2) binding to a hybrldoma^j 
SN2 (Abi), which recognizes a unique glycoprotein, gpJr, 
expressed by a subnet of human leukemic T cell* (J* Immune-Id 
139:1354. 1987). At least 2 of theae Ab2 may Indeed carryt? 
the Internal Image of the gp37 Ag (J. Immunol. 14 Is 1398, afi 
1988). Recently, we Investigated the distribution of fp3fti& 
Ag by * sensitive immunoperoxldaae atalnlng method ualng mib 
SN2. SN2 had a high specificity for T-leukeela /lymphoma 
cells and did not react with any normal adult tissues teate* 
Including thymu*. lymphocytes, bone marrow cella, spleen, 
liver, kidney, lung, brain, heert, etc. CTCL cells trom 5H^ 
out of 6 patlenta were strongly positive for gp37 Ag with 
Intenae surfsce membrane staining. The binding of "-***3| 
radiolabeled SN2 to CTCL cell* wan studied for Inhibition =1* 
the presence of the anti-Id mAbs 4EA2 and 4 DC 6 which mimic oir 
tbe gp37 Ag. Both clones inhibited tbe binding 1001 and 8QZ 
respectively at a concentration of 50 ng. We also generate* 
e murine Ab3 mAb ( anti-ant i -Id) by Immunlxing mice with thmui 
anti-Id mAb (Ab2). This Ab3 mAb reacts with CTCL cella in*} 
an Identical fashion am the original Abl (SN2). ... Sitfg 

Collectively, these data suggest that Ab2 4EA2 and 40C6 majm' 
be useful for active Immunotherapy of CTCL patients. . Vr va^ 
plan to atudy tbe CTCL patients In a phaaa I clinical trlatfl 
to determine the effects of this type of therapy on varlouen 
components of tbe Immune system (both humoral and cellular)** 
and try to identify the criteria to select patients who may*: 
benefit from antl-ldlotype vaccine therapy. • 
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Inhibition of Tu-or- Induced Suppressor T Lymphocyte (Ta) 
Activity by Marine Interferon *et* (OT-B). Deepak M. 
Sahasrsbudhe, University of Rochester Cancer Center, 
Rochester, NY, 14642 

In some tumor models Inhibition of Ts-activity la a pre- 
requlalte to successful Immunotherapy. Based on our data 
In the DNFB model (J Exp Ked 166.1573, 1987) the effect 
of IFH-B on P815 ma a tocy tome- Induced Ts-actlvlty wae 
evaluated. x . 

In thla model, concomitant antitumor Immunity (Tc) peaka 
by Day 10 and la down regulated by Ta by Day 15. Cyto- 
toxicity generated after a mixed lymphocyte tumor culture 
(KLTC) correlate! with In vivo Immunity and auppresslon of 
cytotoxicity correlates with In vivo Ts-actlvlty. 

Tumors were Initiated by Injecting 2 x 10° P815 cells 
subcutsueou.ly on Day 1. IFH-B (100, 10000, 50000) or 
buffer were Injected l.v. every other day x '* Jose, start- 
ing on Day 5. On Day 16, KLTC' a were set up. Five days 
later a cytotoxicity assay waa performed against 5iCr 
labelled P815 cella. X specific lysis Is shown. Numbers 
in psrenthesls represent the dose of IFH-B. 
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Treatment with IFH-B 50000 every other day x 6 doses 
abrogated Ta-activlty without adveraaly affecting 
cytotoxicity. XFH-B may be a useful adjunct In the 
Immunotherapy of selected tumors. 
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Syngeneic murine monoclonal antiidiotypes bearing the uu*rnaF*j] 
image of a human breast cancer associated antigen- L Schmitx 
and H. Oxer. The Dept. of Microbiology, S.UN.Y. at Buffalo^ 
Buffalo, NY 14214 and the Division of Medical Oncology, Tbe i< 
Univ. of North Carolina at Chapel Hill, Chapel Hill, NC 27599." ' *g 
According to Jerae* network theory, some antiidiotypes. t 

iAJbl) mimic external antigens recognized by specific antibodies ^ 
Abl) and may be used in place of antigen for immunization. Tbe " 
murine monoclonal antibody F36/22 (IgG3, *), specific for ductal**: 
carcinoma antigen (DCA) was used to generate syngeneic^ 
monoclonal antiidiotypes bearing the internal image of T0CA-. 
Female BALB/c mice were inoculated intraperitonealry every 
other week with 100 fig of F36/22 coupled to keyhole limpet/. 
hemocyanin; the first time in complete Freund's adjuvant and. j 
subsequently in incomplete adjuvant Splenic lymphocytes were;^ 
fused with the murine cell line P3X63 Ag&653 3 days after the 
fourth immunization- using 50% polyethylene gh'col (r. w - ^J'-V.^ 
Two hybrids, MTO-1 and MTO-2, were selected based on the^ 
ability of culture supematants to bind to F36/22 but not to the. 
control antibody 2A31F6 (IgG3, «) in an enzyme. Unked K 
immunosorbent assay ( EUSA) and doncd by limiting dilution. f| 
Paratope specificity of Ab2 was demonstrated in two EUSA M 
assays. First, the binding of labeled F36722 to DCA was inhibited. 
100% and 75% by lit fig of MTO-2 and MTO-1 respectively.. 
Second, the binding of labeled Ab2 to Abl was inhibited by. , 
purified DCA. MTO-1 neither enhances nor inhibits the binding t 
of labeled MTO-2 to Abl although in the presence of MTO-Z,^ 
binding of labeled MTO-1 is enhanced by 100% indicating , that tf 
these Ab2 recognize distinct idiotopes, Rabbits urimunized bi- 
weekly with MTO-l or MTO-2 developed antibodies that bouna 
specifically to DCA demonstrating that MTO-l and MTO-2 bear 
the internal image of DCA. These data suggest that MTO-l ana 
MTO-2 could potentially be utilized to immunize. * l Sfr-/r7 
patients against progression or development, of DCA posnw 
tumors. 
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An autologous 
whole-cell vaccine 
has been shown 
to induce DHR 
to the whole-cell 
component, as 
well as significant 
regression 
of metastasis 
in patients 
with metastatic 
malignant 
melanoma. 



V 



umor vaccination is an active, specific 
immunotherapy for malignant dis- 
ease. It may be defined as "the admin- 
istration of tumor cells, modified tumor cells, 
or tumor-cell surface-membrane preparations 
to stimulate or to augment various compo- 
nents of antitumor immunity to induce tumor 
regression or to prolong tumor remission 
achieved by conventional therapy/' 1 

Vaccines also may be considered a type of 
biologic response-modifier therapy. The ap- 
proach is based on the belief that the host is 
capable of mounting an effective immune 
response against tumors if appropriately 
stimulated, a belief that was first advanced 
around the turn of the century. 2 The concept 
of immunologic surveillance, which evolved 
some 40 to 50 years later, suggested that the 
human host was capable, under certain cir- 
cumstances, of rejecting a tumor essentially 
in the same manner as a homograft was 
rejected. 3 

The first attempt to vaccinate humans 
against cancer was undertaken in 1902. 4 In 



AMtfEfamniOT Immnflinie 



o Activated macrophage cytotoxicity 

o Cytotoxic T cells yf 

o Natural killer (NK) cells 

o Lymphokine-activated killer cells 

o Humoral antibodies (complement 
dependent) 

o Antibody-dependent cellular cytotoxicity 
(complement-independent, macrophage, 
neutrophil or NK-cell-dependent) 



this initial attempt, fluid was extracted from 
tumors in patients with advanced disease. 5 
Over the next 50 years, a great variety of 
tumor cell preparations obtained from autolo- 
gous or allogeneic tumors were used, gener- 
ally to treat patients with advanced disease. 

Fresh interest in the clinical potential of 
tumor vaccination was stimulated in the 
1950s and 1960s by experimental studies 
conducted in syngeneic rodents. These dem- 
onstrated unequivocally that chemically in- 
duced and virally induced tumors had both 
shared and uniquely individual tumor- 
specific transplantation antigens (TSTAs). 

Humoral and cellular immune responses 
were shown to exist in patients with cancer; 
these were found to be directed against 
tumor-associated antigens (TAAs) rather 
than against TSTA. Also, TAAs were found 
on embryonic cells and tumor cells. The 
"unique antigens" on human tumor cells 
appear to result from tumor cell dedifferenti- 
ation for display of a partial embryonic-cell- 
membrane antigenic profile. Other TAAs 
arise as a consequence of the modification of 
normal "self antigens producing an "al- 
tered self phenotype. 

MANY UNRESOLVED CLINICAL ISSUES 

The principal human immune responses to 
tumor antigens are listed in Table 1 . It has not 
been definitively established which of these 
immune responses, alone or in combination, 
are the most important in a host response to 
cancer, nor is it clear which should be tar- 
geted for stimulation with tumor vaccination. 
There are many unresolved issues pertaining 
to the actual vaccine formulation that need to 
be addressed; some of these depend on 
whether the vaccine formulation is based on 
intact tumor cells (Table 2) or tumor cell 
extracts or products (Table 3). 

In addition to vaccine formulation, several 
other questions remain: 

□ Should cellular extracts or whole cells 
be mixed with immunomodulating adjuvants 



to increas e tumor vaccine imm unop;enicitv? 
"1 □ Should tumor vaccines with or without 
'adjuvants be used alone or in combination 
with cytotoxic drugs that can modulate or 
suppress undesirable immune responses? 

□ Should cytokines be used to augment 
immune responses to a vaccine? 

a Is there a place for tumor vaccination in 
patients with advanced cancer? 

a What is the appropriate dose, schedule, 
and route of administration for effective 
tumor vaccination? 

□ What measurement or surrogate biologic 
end point can be used to assess the biologic 
effectiveness of the vaccine? 

□ Will the immune response against TAA 
produced by a human tumor vaccine be selec- 
tive and specific for tumor cells or will 
autoimmune reactions against normal cells 
be a possible toxicity associated with 
vaccination? 

Advances in molecular genetics and the 
availability of monoclonal antibody reagents 
now make it possible to purify cells and cell 
components with defined and unique anti- 
genic characteristics for use in human tumor 
vaccines. However, a number of the promis- 
ing clinical trials of tumor vaccination con- 
ducted in the 1970s and 1980s used relatively 
simple and empiric methods of tumor vacci- 
nation preparation. 

In one study, surgically resected stage I 
and II lung cancer patients were treated with 
a vaccine prepared from allogeneic tumor 
cells. 6 Cell membranes from viable tumor 
cells were subjected to low-frequency sonica- 
tion and the soluble material separated with 
Sephadex G-200. Polyacrylamide gel electro- 
phoresis was used to purify protein band 
material, which could elicit delayed hy- 
persensitivity reactions (DHRs) in lung 
cancer patients. This material was adminis- 
tered intracutaneously in combination with 
Freund's complete adjuvant (FCA) in a se- 
ries of three injections at monthly intervals 
Jbeginning abou t 1 month after surgery. 
^PllorstudieS - suggested tnat this form of) 
therapy delayed or prevented tumor recur- 
rence. The approach was tested in a large 
multicenter clinical trial, which found no 
difference in survival between control pa- 
tients and patients treated with FCA alone or 
with FCA and tumor antigen. 6 No autoim- 
mune toxicity was noted during the course of 
these studies. Peripheral blood monocytes 
producing excessive amounts of prosta- 
glandins appeared in the circulation prior to 
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Issunes for 
Ttam©ir-CeIItt ¥accEini©§ 



Should autologous or allogeneic cells be 
employed? 



irallojje 



Should cells be obtained from fresh surgical 
specimens or from tissue cell lines? 

Should cells first be irradiated to maintain ^ 
their membrane integrity but prevent their 
proliferation? 

How can the reproducibility of vaccine 
preparation be assured? 

How can whole tumor cells be used that are 
gene modified for the following phenotypic 
changes (individual or in combination) to 
enhance immunogenicity: (1) expression of 
HLA class I or II antigens and/or adhesion 
molecules; (2) secretion of immuno- 
modulatory stimulating cytokines, such as 
interleukin-2 or tumor necrosis factor; and 
(3) secretion of chemotactic cytokines? 



clinical relapse in patients who failed in all 
three arms of the study. 

Further analysis of this clinical trial, how- 
ever, suggests that a survival benefit may 
have been obtained in the fraction of patients 
in whom careful attention was paid to thor- 
ough homogenization of tumor antigen in the 
FCA. Vaccinated long-term survivors also 
may have developed more intense DHRs to 
tumor antigen. The methods employed in this 
study, although important and innovative, 
need to overcome the problematic nature of 
the technique's purification process and re- 
producibility (Table 3) before wider applica- 
tion in humans is feasible, 



A tumor vaccination study in patients with 
surgically resected Dukes B 2 through Cj col- 
orectal cancer was conducted, based on rigor- 
ously evaluated preclinical experimental ani- 
mal data in which requirements for effective 
immunotherapy were established. 7 An ele- 
gant series of studies of a guinea pig line-10 
hepatocarcinoma model showed convincing- 
ly that bacillus Calmette-Gufirin (BCG) ad- 
mixed with syngeneic tumor cells could in- 
duce sufficient systemic immunity to elimi- 
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nate a limited metastatic disease burden. 8 
These studies controlled for variables such as 
the number and viability of tumor cells, and 
ratio of viable BCG organisms to tumor cells. 
In the pilots that evolved from these trials, 
patients were randomized to a control arm or 
were vaccinated with their own tumor cells, 
obtained from surgical specimens at the time 
of operation and cryopreserved until thawed 
and irradiated prior to use. 9 Treated patients 
underwent a schedule of three intradermal 
vaccine treatments weekly beginning 4 to 5 
weeks after tumor resection. 

The first two vaccine preparations con- 
sisted of irradiated cells and BCG; the third 
vaccine preparation was composed of irradi- 
ated tumor cells alone. Vaccinated patients 
developed augmented DHR to their autolo- 
gous tumor cells with greater frequency than 
nonvaccinated patients. A DHR increase to 
autologous normal intestinal mucosa cells 
was not seen. An Eastern Cooperative Oncol- 
ogy Group trial is now evaluating this ap- 
proach for surgically resected Dukes B 2 and 
B 3 patients. 

FIRST TRIALS WITH HUMAN 
TUMOR VACCINES 

These studies, the first truly large, random- 
ized, controlled, multi-institutional clinical 
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Critical Issnncs for 
Ttamor-CdE-Extirad 
Vaccinates 

What method of antigen extraction should 
be employed? 

Shouid material be derived from a single 
source or should pooled material from a 
number of sources be used? 

What methods are to be used to identify 
materia! in cellular extracts that will produce 
the most effective stimulation of antitumor 
immune responses? 

Should extracted material be separated from 
HLA antigens that are present on both 
normal and malignant cells? 

How can reproducibility of vaccine 
preparation be assured? 



trials of human tumor vaccines for solid 
tumors, are examples of the use of whole 
cells and cell extracts for human tumor- 
vaccine preparation. In each case, an ad- 
juvant substance was added to enhance the 
immunogenicity of the vaccine. 

An autologous whole-cell vaccine has 
been shown to induce DHR to the whole-cell 
component, as well as significant regression 
of metastasis in patients with metastatic ma- 
lignant melanoma. 10 Patients received cyclo- 
phosphamide before the vaccine in an at- 
tempt to modulate the activity of suppressor 
T-lymphocytes. The vaccine was prepared by 
methods similar to those previously de- 
scribed 7 and combined with BCG. 

Other investigators have also used cyclo- 
phosphamide to inhibit suppressor T-lym- 
phocyte activity prior to the administration of 
a malignant melanoma vaccine. 11 The vac- 
cine preparation consisted of mechanically 
disrupted allogeneic tumor cells from mela- 
noma cell lines. The concentration of vaccine 
was standardized in the preparation through 
measurements of a melanoma-associated 
antigen. 

Measurement was performed by binding 
inhibition enzyme immunoassays using a 
monoclonal antibody. The vaccine was given 
subcutaneously with an adjuvant consisting 
of detoxified endotoxin (monophosphoryl 
lipid A) mycobacterial cell wall skeleton and 
squaPane oil. In this trial, regressions of 
disease were seen in patients with metastatic 
disease. 

VIRAL ONCOLYSATES FOR HUMAN 
TUMOR VACCINATION 

The use of viral oncolysates for human tumor 
vaccination combines the potential immuno- 
genic benefit of whole cells with the value of 
cell extracts. 12 Viral oncolysates are homoge- 
nates of virus-infected cells. The virus in the 
mixture is believed to have an adjuvant rather 
than an antigenic role. Allogeneic and autolo- 
gous viral oncolysates have been used in 
human immunotherapy. Influenza virus and 
vaccinia virus have been most frequently 
used in the preparation of viral oncolysates 
since the first report of this procedure in 
1974. 13 

Pilot studies have suggested a protective or 
therapeutic benefit for viral oncolysates in 
gynecologic cancer, melanoma, and sarcoma. 
However, these reports must be considered 
anecdotal until larger randomized inves- 
tigations are conducted. 
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It may be possible to vaccinate against 
some human cancers by immunizing against 
those few viruses presently known to be 
associated with cancer in humans. Hepatitis 
B virus infection is associated with the devel- 
opment of primary hepatocellular cancer. Im- 
munizing against this virus will prevent its 
hepatic damage and may reduce the inci- 
dence of associated cancer. 14 

Finally, one of the most innovative ap- 
proaches to tumor vaccination that has been 
developed relies on the use of idiotypic 
molecules that reiterate the molecular 
configuration of tumor-associated antigens. 
This approach is based on principles that 
predict that the variable regions of immuno- 
globulins and T-cell receptors that are 



responsible for antigen recognition are them- 
selves capable of provoking both B-cell and 
T-cell immunity. 15 

These concepts led other investigators to 
vaccinate patients who have B-cell lym- 
phoma with the autologous immunoglob- 
ulins from each patient's tumor following 
cytotoxic chemotherapy 16 (Figure). Vacci- 
nated patients developed either humoral im- 
munity, cellular immunity, or both; in the 
two patients with measurable disease, com- 
plete tumor regression was observed. These 
preliminary results demonstrate the feasibil- 
ity of idiotypic vaccination for B-cell and 
T-cell malignant diseases and suggest that 
similar approaches might also be developed 
for nonlymphoreticular malignancies. 
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ABSTRACT 

We evaluated the use of Backus Ca/mefte-Guerin ad- 
mixed with tumor colls as a vaccine to Indue® systemic 
tumor immunity for therapy of » ubcllnlc . al K ^ m ! c ^ a ; 
static) disease. In several experiments mbred strain z 
guinea pigs ware given i.v. injections of oHher 10 , 10 .or 
10° syngeneic L10 hepalocerclnoma cells, and initial vac- 
cinations were administered either 1 or 4 days after tumor 
inoculation. Variables In vaccine preparation, such as 
ratio of viable Bacillus Catmette-GuiZrin organisms to 
tumor cells, procedures for freezing the tumor cells, X« 
ray treatment of tumor cells, and vaccination regimen 
were evaluated. The studies demonstrated that under 
defined conditions nontumorlgenic vaccines of Bacillus 
Calmetle-Gverin and tumor cells can cure the majority Of 
animals of otherwise lethal visceral micrometastasea. 

INTRODUCTION 

The strategy of immunotherapy for cancer in experimen- 
tal animai models and humans is limited by many factors 
Including the Stage, type, and location of the tumor; the 
level of antigenicity of the tumor cells; and the status of the 
host immune response. Clinical immunotherapy has been 
proceeding with relatively limited guidance from experi- 
mental animal models. Of the several approaches to immu- 
notherapy of localized tumor and/or disseminated minimal 
residual tumor, immune potentiation by microbial agents 
has received the greatest attention. The most encouraging 
experimental and clinical data to date have resulted from 
protocols consisting of bacterial vaccines or nonspecific 
immunostimuiants. primarily Mycobacterium bovis strain 
BCG,* administered i.t. (17. 18, 21) or systemicaily either 
alone (7, 8. 16) or admixed with tumor ceils in the form of a 
vaccine (22, 23). One impetus for the use of BCG in 
immunotherapy has been the development of an experi- 
mental system that meets some of the requirements of a 
model to study an established tumor with regional lymph 
node metastasis (19), It has been demonstrated that regres- 
sion of transplanted syngeneic hepatocarcinomas growing 
in the skin of inbred strain 2 guinea pigs and elimination of 
regional lymph node metastases are achieved in the major- 
ity of animals after i.t. injection of viable BCG (12, 26). This 
particular aspect of immunotherapy in the guinea pig 
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model, although intriguing, is very limited with respect to 
the type, stage, and location of the tumor as well as with 
respect to the route of administration of BCG. Nevertheless, 
the initial studies established 1 fact that has broad implica- 
tions. During BCG-mediated tumor regression and elimina- 
tion of regional lymph node metastases, there is the devel- 
opment of systemic cell-mediated tumor immunity demon- 
strated by rapid rejection of a second tumor challenge 
several weeks after BCG treatment (11. 25, 27). This is a 
very Important aspect of the model since it is known that, 
at the tumor stage when BCG administration is optimally 
effective, surgical excision of the tumor and regional lymph 
node would also be curative. However, no significant devel- 
opment of tumor immunity is achieved with surgery alone. 

We recently demonstrated the effectiveness of tumor 
immunity induced by I.t. injections to eliminate artificially 
produced distant tumor foci (9. 10). This aspect of the BCG 
therapy model becomes important when one considers 
that adjuvant immunotherapy has been primarily tested m 
cancers for which control of primary tumors is available 
with surgery, radiotherapy, and/or chemotherapy, but 
where there is a substantial rate of relapse. Recurrence is 
usually thought to be due to a small number of residual 
tumor cells. Adjuvant immunotherapy is intended to eradi- 
cate the residual tumor cells by enhancing immunological 
mechanisms. However, based on all that we have learned, 
the translation to humans of the results of i.t. BCG injection 
in the guinea pig model would require careful attention to 
certain aspects of the treatment. These include tumor 
stage, dose, injection, route, regimen, and source of BCG. 
This is not always possible in human cancer, for which 
immunotherapy is often used for advanced cancer after 
other forms of treatment have failed. In addition, this model 
is inappropriate for cases in which i.t. injections are not 
possible. 

An important advance in this guinea pig immunotherapy 
model would be to achieve effective 9ystemic tumor immu- 
nity without the i.t. injection of BCG. We have approached 
this problem by systematically evaluating the ability of vac- 
cines of BCG admixed with tumor cells to eliminate a 
disseminated tumor burden. Although previous attempts at 
BCG-tumor cell vaccine immunotherapy both in inbred 
guinea pigs (3) and in humans (see Ref. 20 for review) have 
been limited and somewhat discouraging, relatively little 
has been done to determine the optimal conditions for 
vaccination. Here we investigate a number of variables 
such as the ratio of viable BCG organisms to tumor cells, 
the freezing procedures, the X-ray treatment of cells, and 
the vaccination regimen. Although these factors cannot 
possibly be investigated systematically in humans for ethi- 
cal reasons, they can be studied in the guinea pig model. 
Our studies demonstrate that, under defined conditions, 
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nontumorigenic vaccines of BCG and tumor cells can cure 
the majority of animals with lethal disseminated tumors 
established as visceral micrometastases. 

MATERIALS AND METHODS 

Animals. Inbred male Sewall Wright strain 2 guinea pigs 
ware obtained from the Frederick Cancer Research Center 
Animal Breeding Section. These guinea pigs were shown 
to be histocompatibie by skin-grafting. They were housed 6 
to 10 per cage and fed Wayne guinea pig chow and kale; 
they weighed 400 to 500 g at the beginning of the experi- 
ments. 

Tumors. Induction of primary hepatocarclnomas in strain 
2 guinea pigs after they were fed the water-solubla carcin- 
ogen, diethylnitrosamlne. was described previously (19). 
The antigenic and biological properties of the transplanta- 
ble ascites tumors developed from the primary hepatocar- 
cinomas have also been described (28). 

Ascites hepatocarcinoma cells, L10, were harvested and 
washed 3 times in HBSS and diluted to desired concentre* 
tions. One-m! doses of U0, ranging from 10* to 10 s cells/ 
dose, were injected into the dorsal vein of the penis, 
producing artificial vascular metastasis. Injections of 10* 
cells resulted in the death of approximately 70 to 80% of 
the animals, whereas 10* and 10 s cells were fatal to all 
animals. The times of death varied as a function of dose, 
and all animals died as a result of metastasis to the lung, 
mediastinal lymph nodes, and hilar lymph nodes with con- 
current visceral metastases. 

BCG. M. bovis strain BCG (Phipps strain TNC 1029) was 
obtained from the Trudeau Institute (Saranac Lake. N. Y.). 
Preparations of BCG. stored at -70°, were rapidly thawed 
in a 37° water bath and diluted to proper concentrations. 

Vaccine Preparation. The L10 tumor was maintained by 
hp. passage in guinea pigs. Ascites cell preparations were 
removed and washed in HBSS. The L10 cells used in 
vaccine preparation were either fresh or frozen and thawed. 

In preparation for freezing, the cells were concentrated 
and suspended in an equal volume of chilled 15% dimethyl 
sulfoxide plus 10% fetal calf serum-HBSS solution. The 
final suspension was 2 to 6 x 10 7 cells/ml. Two-ml aliquots 
of the UO cell suspension were frozen at controlled rates 
in a Unde BF4 Biological Freezer at -l°/min to the critical 
freezing point, flash-frozen through the heat of fusion, and 
continued at -17min to a final temperature of -60°. The 
rate of freezing was monitored on a Honeywell Electronic 
III. The vials were stored in liquid nitrogen. Tne rationale 
for this method of freezing has been described in detail 
elsewhere (14, IS). The vials were rapidly thawed in a 37* 
water bath. Frozen-thawed cells were slowly diluted to 50 
ml in HBSS, washed once, and resuspended in preparation 
for X-irradiation. Suspensions of fresh and frozen-thawed 
cells were X-irradiated in 50-mi beakers on ice. X-irradiation 
was performed with a Phillips MG 301 X-irradiation unit at 
500 R/min. A total X-irradiation dose of 20,000 R was 
achieved. Cell viability counts were performed with the use 
of the trypan blue dye exclusion test, and viability after 
irradiation of either fresh or frozen-thawed cells was gen- 
erally 90%, with less than 10% variation between the fresh 
or frozen-thawed cells. 



Immunotherapy of Micromet&stases 

BCG (10 9 organisms/ml) was added in equal volume to 
viable L10 (10° cells/ml) for a vaccine ratio of 10:1. A 
vaccination consisted of an t.d. injection of 0.2 ml. For 
ratios of 1 :10. BCG (10 9 organisms/ml) was diluted 1 :1C0 in 
HBSS. and aliquots were mixed with 10° viable UO cells/ 
ml. These vaccinations also consisted of an i.d. injection of 
0.2 ml. All vaccinations were performed less that 1 hr after 
the BCG-tumor cell mixtures were prepared. 

In preliminary vaccination experiments, the L10 cells 
were irradiated with 12.000 R; however, we noticed that, 
although this irradiated cell preparation was not tumori- 
genlc when admixed with BCG, it was tumorigenlc when 
administered i.d. in the absence of BCG. We were con- 
cerned that any growth of 12,000-R X-irradiated L10 cells 
in the skin might preempt developing tumor immunity and 
thus render the treatment ineffective against disseminated 
tumor. Therefore. 20,000-R X-irradiation was used in all 
subsequent experiments with L10 cells in BCG-tumor cell 
vaccines. Animals were given l.v. injections, in the dorsal 
vein of the penis, of either 10\ 10 s , or 10* UO cells in 1-ml 
volumes. All vaccinations were given Ld., beginning in the 
upper right dorsal quadrant. Successive vaccinations were 
given in different sites or i.l. in the previous vaccination 
site. Vaccinations were performed either 1 and 7 days or 4 
and 10 days after i.v. L10 injection. 

RESULTS 

An i.v. dose of 10 4 L10 tumor cells does not lead to the 
death of all guinea pigs. Approximately 25% of the animals 
will survive clean injections where leakage did not occur to 
the regional site. This inoculum is the optimal dose for 
assessing the influence of the nonspecific side effects of 
vaccination on tumor cell arrest, the extravasation and 
establishment in organs, and the immunologically specific 
effects of the vaccine. Thus, at this initial tumor cell dose 
of 10\ vaccinations were performed at either 1 and 7 or 4 
end 10 days after i.v. injections of L10. 

Several modes of vaccination as well as 2 ratios of viable 
BCG to tumor cells were tested In guinea pigs given i.v. 
Injections of I0 fl L10 cells. The BCG-tumor cell ratios were 
10 B BCG or 10« BCG admixed with 10 T L10. These were 
administered as either a single vaccination, a single injec- 
tion of BCG-L10 vaccine followed 6 days later by an i.l. 
injection of L10 into the previous vaccination site, a single 
injection of BCG-L10 vaccine followed 6 days later by an 
injection of UO alone on the opposite side, or 2 separate 
injections of BCG-L10 vaccine. Also, the efficacy of frozen 
L10 cells was compared to that of fresh L10 cells. The 
results are shown in Table 1 . 

Compared to the untreated tumor-bearing guinea pigs, 
no significant difference in survival was detected In animals 
treated with 2 i.d. injections of BCG or tumor cells alone, 
regardless of whether the Initial treatment was performed 1 
or 4 days after i.v, injection of L10. 

Single BCG + UO vaccinations at ratios of 1:10 or 10:1 
did not confer significantly greater protection than did 
vaccinations of BCG alone, tumor cells alone, or nontreated 
controls. Furthermore, these 2 BCG:L10 ratios could not 
be associated with significant differences In survival of 
animals given i.v. injections of 10* tumor cells, regardless 
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Table 1 

Survival of guinea pigs given Lv. infections of 10* syngeneic L10 

hepatocarc/noma calls 
This experiment was terminated at 280 days after tumor injec- 
tion; all nontreated controls died by 120 days. Significance of 
differences in survival was calculated by the Fisher 2-tailed exact 
test 



Treatment* 



None 

(10° BCG) (10° BCG) 
(WL10) (10* L10) 
(10° BCG + t0 T L10J* 
(10° BCG 4 10 T L10)* 

(10« BCG + 10 T L10) (10 7 L10 i.l,) 
(10* BCG + 10 7 L10)(10 7 L10LI.) 
(10° BCG + 10 7 fL10<) (10 T FL10 LI.) 

00" BCG + 10 7 L10) (10 7 L10) 
(10" BCG + 10 7 L10) (10 7 L10) 

(10* BCG 4- 10 7 L10) (10* BCG + 10' U0) 

(io«_ecc + to* no) (io« bcg + io r lioj 



No. of survivors/ 

total no. of 
animals/group at 

following 
vaccination times 
after i.v. injection 

of tumor 


Days 1 


Days 4 


and 7 


and 10 


3/12 




3/12 


3/10 


2/10 




4/10 


4/10 


2/10 




6/10 


8/10 


9/10 


9/10 


6/10 




10/10 


10/10 


10/10 


9/10 


10/10 


10/10 


9/10 


10/10 



"Treatments were administered 6 days apart on opposite sides 
as described in 'Materials and Methods." 

Vaccinations were administered a3 single sequential inlec- 

0 FL10. frozen-thawed L1Q. 

of the vaccination schedule. Compared to those animals 
that received single vaccinations of BCG + L10. BCG or 
tumor cells alone and compared to the nontreated controls, 
significant differences in survival were achieved in tumor- 
bearing guinea pigs that received the second vaccination 
of either L10 i.l. (p < 0.03), L10 on the opposite side (p < 
0.01), or BCG-110 mixture (p < 0.01). From 60 to 100% of 
the animals survived in these treatment groups, regardless 
of whether the initial vaccine was administered 1 or 4 days 
after i.v. U0 injection. No significant differences in efficacy 
were detected between fresh L10 cells and frozen L10 
cells. 

At 280 days, representative groups of the survivors either 
were tested for tumor immunity by measurement of rejec- 
tion of i.d. challenge of 10 s L10 cells or were killed and 
autopsied for gross and histological examination for resid- 
ual tumor. None of the animals autopsied had any evidence 
of residual tumor. Tumor challenge groups varied in their 
ability to reject contralateral challenge as a function of 
treatment. All nontreated controls or groups that had been 
treated with BCG or tumor cells alone failed to reject 
contralateral challenge, indicating that these animals were 
not tumor immune at 280 days after treatment. Seventy to 
90% of the survivors in the various multiple vaccination 
groups rejected contralateral challenge: however, no signif- 
cant difference in tumor immunity, as measured by contra- 
lateral challenge, could be detected among these treatment 
groups. These data demonstrate that animals that survived 
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after treatment with ineffective modes of vaccination were 
not tumor immune, whereas significant protection as well 
as long-term tumor immunity was conferred on those ani- 
mals that received efficacious modes of vaccination. 

Injections of 10 s or 10 6 syngeneic LlO cells i.v. are 
routinely fatal in strain 2 guinea pigs. Vaccinations of BCG 
alone or tumor cell alone conferred no protection in these 
tumor-bearing guinea pigs when the animals were given 
vaccinations 1 and 7 days after I.v. tumor Inoculation (Table 
2). Survival In all treatment groups was a function of the 
BCG:L10 cell ratio. Without exception, In guinea pigs given 
10» or 10« cells I.v., a vaccine containing BCG:L10 cells in 
a ratio of 10:1 yielded significant protection, whereas a 
ratio of 1 ;10 was ineffective. Thus, the ratio of viable BCG 
organisms to tumor cells Is a critical factor In the efficacy 
of the vaccine, and a large amount of BCG is beneficial in 
the initial vaccination. No significant difference In protec- 
lion could be detected when the group that received a 
single BCG + L10 vaccination (10:1) was compared to a 
similar treatment group that received a second 1.1. Lio 
injection. In contrast, survival was achieved in those ani- 
mals that received a second injection of LlO alone or BCG 
+ L10 on the opposite side (p < 0.02 or p < 0.01. 
respectively). In 2 groups of animals given i.v. injections of 
10° L10, no significant difference in protection was detected 
when frozen-thawed L10 was used in the vaccine in place 
of the fresh L10. 

One important consideration was whether BCG-immune 
guinea pigs could generate effective tumor immunity after 

Table 2 

Survival of guinea pigs given Lv, injections of 1Q> or T0« syngeneic 
HQ hepatocarcinoma ceiic 
These experiments were terminated at 240 days after tumor 
injection. All nontreated controls in the 10* group died by 95 days 
arid all nontreated controls in the 10« group died by 77 days' 
Significance of differences In survival was calculated by the fisher 
2-taifed e*act test. 



Treatment 0 



None 

(10° BCG) (10° BCG) 
(10 7 L10) (10 7 L10) 
(10 fi BCG + 10 7 L10)* 
(10 s BCG + 10* LIO) 6 

(10° BCG 4 10 T L10) (10 7 L10 i.l ) 
(10 g BCG - 10 7 L10) I10 7 U10 i.l.) 
(10 fl BCG * 10 7 FLIOO (10 7 L10 FL10 i.l.) 

(10° BCG ♦ 10' L10)(10 7 L10) 
(10* BCG * 10 7 L10) (10 7 L10) 

(10° BCG * 10 T 110) (10 fi BCG + 10 7 110) 
(10° BCG + 10' L10) (1Q D BCG + 1Q 7 L10) 
( 10° BCG -i- 10 7 FL10) (10° BCG + 10 T FL10) 

° Treatments were administered 6 days apart" 
as described in "Materials and Methods." 

Vaccinations were administered as single 
lions. 

r FL10, frozen-thawed LlO. 



No. of survivors/ 


total no. of 


animals/group at 


following i.v. 


tumor cell dose 


10 s 


10« 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 


t/10 


0/10 


2/10 


0/10 


1/10 




5/10 




5/10 




1/10 


0/10 


e/10 


3/10 


1/10 


1/10 


9/10 


a/io 


9/10 





on opposite sides 
sequential Injec- 
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BCG L10 vaccination. Normal guinea pigs as well as 
guinea pigs previously immunized to BCG and shown to be 
PPD positive by skin testing were given i.v. injections of 
10 s L10 cells. In this particular experiment vaccinations 
were performed 4 and 10 days after I.v. tumor inoculation. 
Two modes of vaccination, BCG + L10 (10:1) at Days 4 and 
10 and BCG + L10 (10;1) at Day 4 followed by i.l. L10 at 
Day 10, were compared in PPD-positive and PPD-negative 
guinea pigs. Regardless of whether or not the animals 
were PPD positive, the 2 modes of vaccination conferred 
significant protection (p < 0.01) and did not differ signifi- 
cantly (Table 3). 

We next investigated whether multiple BCG + U0 vacci- 
nations at either the 10:1 or 1:10 ratios would improve 
survival in comparison to single or sequential vaccinations. 
Guinea pigs were given i.v. injections of 10* L10 cells and 
vaccinated on either 1 day, 1 and 7 days, or 1. 7 ( and 14 
days after i.v. tumor inoculation. Treatments consisted of a 
single vaccination of BCG L10 followed by L10 alone or 
by BCG + L10. 2 simultaneous BCG ■+ L10 vaccinations 
followed by 2 simultaneous Injections of L10 alone or of 
BCG + L10. or 3 sequential vaccinations of BCG i- L10. 
The results are shown in Table 4. 

Initial BCG + L10 vaccinations at a ratio of 1:10 were 
ineffective regardless of the vaccination schedule. Signifi- 
cant protection (p < 0.01) was achieved with ail initial 
vaccinations at ratios of 10:1 . but no significant increase in 
survival was achieved by multiple or sequential vaccina- 
tions. 

DISCUSSION 

Vaccines consisting of tumor cells admixed with SCG. 
under certain defined conditions, are effective in control- 
ling and eliminating micrometastases in a syngeneic guinea 
pig tumor system, regardless of whether the animals are 
BCG immune or not. At the outset it should be stated that 
this experimental model has major limitations in that it is a 
transplantable tumor established for a short time in normal 
guinea pigs and in that the system out of necessity does 
not take into account such factors as individual variations 
between the biological behavior of tumors of other histolog- 

Table 3 

Survival of guinea pigs given i.v. injections of f 0 s syngeneic U0 
hepatocarcmoma cells: effectiveness of vaccination m BCG- 

immune guinea pigs 
Guinea pigs were given i.d. injections of 10 B 6CG and $kin 
tested with PPD 21 days after immunization; 2 weeks later animals 
were given i.v. injections o( 10* LiO. The experiment was termi- 
nated 270 days after tumor injection, and all non treated controls 
died by 12S days after tumor injection. Significance ot differences 
in survival was calculated by the Fisher 2-lailed exact test. 



Survivors/ 

PPD total no. ot 
sensitiv- animals/ 
fry Treatment at 4 and 10 days group 



None 0 
+ None 0 

a - (10* BCG * 10 T L10) (10» BCG + 10 7 U0) 5/10 

+ (10° BCG + 10* L10) (10* BCG 4 10 7 L10) 6/10 

(10° BCG + 10' L10) (10' L10 l.l.) 2/10 

+ (W BCG - 10' L10) (10' L10 i.l.) 6/10 



Immunotherapy of Micrometastases 
Table 4 

Surivei of guinea pigs given /.v. injections of 10* syngeneic U0 \ 

nepatacarcinoma cells: effect of multiple vaccinations | 

This experiment was evaluated at 120 days after i.v. tumor { 

injection, and all animals in the nontreated or single vaccination ; 

control groups died by 70 days. Significance of differences in I 

survival was calculated by the Fisher 2»tailed enact test. j 





Survivors/total 
no. of animals/ 
group 


None 

(10 c BCG + 10 T U0)° 
(10» BCG 10' L10)* 


0/13 
0/10 
0/10 


(10° BCG + 10 r L10) (10' L10) 
2(10 8 BCG + 10 T L10) 2(10 T L10) r 


0/10 
1/9 


(10* BCG < 10 T L10)(10'L10) 
2(10» BCG • 10 T L10) 2(10' L10) 


3/10 
6/10 


(10 s BCG + 10' L10) (10* BCG + 10' L10) 
2(10* BCG + 10 7 LIO) 2(10 fl BCG + 10 T L10) 


1/10 
1/10 


(10' BCG + 10 T L10) (10° BCG 10 T L10) 
2(10° BCG <r 10 T L10J 2(l0 fl BCG + 10 T L10) 


5/10 
6/10 


(10° BCG + 10 7 L10) (10 a BCG 10 T LIO) 


4/9 



(10* BCG MtTLIO) 



0 Treatments were administered 6 days apart on opposite sides. 
a$ described In "Materials and Methods/' ' y 

0 Vaccinations were administered as single injections.' . 
c Two simultaneous injections- 

ical types and the limiting factors of the host. Thus, the 
model may be used to answer only specific questions 
fundamental to immunotherapy of micrometastasis. 

Under natural conditions the development of metastasis 
is dependent upon an interplay between properties of the 
host and properties of the tumor cells. The process is 
highly selective and represents the end point of several ; 
destructive events from which few tumor cells survive. Only ' 
a few tumor cells within the primary neoplasm may actually • 
invade blood vessels, and of those even fewer will survive i 
in the circulation. Similarly, not all malignant cells that | 
survive transport are successfully arrested, undergo extra- 
vasation, etc. Also, tumor cells, in principle, could be j 
susceptible to host immune and nonimmune defense I 
mechanisms that could destroy malignant cells during any 
of the steps described above (5, 6). 1 

Metastasis was artificially induced in guinea pigs by i.v. 
injection of L10, and treatment was not started until ade- 
quate time had elapsed to ensure extravasation and locali- 
zation of tumor cells into the parenchyma of viscera! or- 
gans. No significant difference in the effectiveness of vac- 
cines was found when the treatment was started 1 or 4 days 
after tumor cell transplantation. It has previously been 
demonstrated with i.v. injection of B16 melanoma in mice 
(4) that, between 1 and 4 hr after i.v. transplantation, tne'e 
is a 50% reduction in the number of arrested tumor ce»s m 
the lung, and at 24 hr only 2% of the ceils are retainec m 
the lung as a stable metastatic population. Thus, the results 
of any treatment administered prior to 24 hr after transo'an- 
tation are impossible to interpret since beneficial effects 
could be due to prevention of metastasis rather than to 
treatment. In this study the lack of difference between 
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various effective vaccines when treatment was adminstered 
1 or 4 days after transplantation suggests that a therapeutic 
effect was indeed achieved with these vaccinations. 

It was clear from this study that, of the 2 basic BCG- 
tumor cell vaccines used, the preparation consisting of 10° 
viable BCG admixed with 10 7 tumor cells was more effective 
over a broad range of increasing initial tumor burdens than 
was that of 10 6 BCG admixed with 10 7 tumor cells. Although 
the latter was effective at initial tumor burdens at 10* L10, it 
was ineffective when the initial tumor cell inoculum was 
increased to 10 s L10. Whether this 10:1 BCG:turnor cell 
ratio is critical or simply a function of total BCG cannot be 
determined from these studies. However, In a study of the 
effectiveness of BCG-tumor cell mixtures as vaccines 
against LSTRA murine leukemia (2), it was found that 
immunity was high (100%) if the BCG: LSTRA ratio wad low 
(either 5 x 10<:10* or 5 x 10^:10*) and that the proportion 
of immune mice was low (6%) if the BCG:LSTRA ratio was 
high (5 x 10*:10 5 ). 

Tumor cells that were frozen by an established procedure 
used for preservation of bone marrow in transplantation 
studies and assessed as an optimal procedure in several 
low-temperature biology studies (for review, see Ref. 24) 
were equally as effective in the vaccines as fresh tumor 
cells. This is contrary to the results of Bartlett et at. (1) who 
used glycerol as the freezing additive. Our cells were frozen 
in dimethyl sulfoxide and fetal calf serum. The striking 
difference, however, was the percentage of viability after 
freezing. Cell viability was approximately 90% after freeze- 
thawing. If for some reason viability fell below 80% during 
liquid nitrogen storage, the cells were discarded. In our 
opinion, the trypan blue exclusion test is a very conservative 
test of cell damage, and any trauma sufficient to render 
20% of the ceils sensitive to trypan- blue may have severely 
damaged the remaining cells or altered their antigenicity. 
The viability of frozen cells in the experiments of Bartlett et 
ah ranged between 40 and 70% as determined by trypan 
blue exclusion. Thus, the difference in results with frozen 
L10 cells may be attributed to suboptimal versus optimal 
freezing conditions. Whether the 20.00OR X-irradiation 
dose of the tumor cells was an important aspect in the 
preparation of cells in vaccines is not known. However, 
studies are under way to test this point in this model since 
it is recognized that the use of 12,000 R is standard 
procedure for BCG-tumor cell vaccines in humans. 

Of the 3 basic vaccination schedules tested, the 2 that 
ware consistently effective for all tumor burdens were I0 a 
BCG admixed with 10 T 110 followed by 10 7 alone on the 
opposite side or 2 sgparate injections of 10° BCG admixed 
with 10 7 L10. The fact that BCG was not required in the 
second injection of the former schedule and the fact that 
multiple vaccinations did not improve therapy with respect 
to the latter schedule or with the less effective vaccine (10° 
BCG + 10 7 HO) suggest that the critical aspect of any of 
the vaccination schedules is the initial dose of BCG. Follow* 
ing the initial treatment with BCG. effective systemic tumor 
immunity can be achieved with i,d, injections of tumor 
cells alone at a different site. 

A third vaccination schedule, which consisted of reintro- 
duction of the tumor immunogen into the i.d. site previously 
injected with BCG + tumor cells, was effective at lower 



tumor burdens (10 A ) but was less effective at Initial tumor 
burdens of 10*. This is in contrast to a similar schedule in 
which the second tumor cell vaccination was in a different 
i.d. site. The rationale for the second injection of tumor 
celts in the BCG-infected site was based on the study of 
Hawrylko (13). In which the dimensions of BCG-potentlated 
antitumor response against the murine mastocytoma P815 
were investigated. One limitation that we found with this 
procedure was the difficulty in delivering the tumor celt 
inoculum in the previously infected dermal site. Early ulcer- 
ations of these Injected dermal sites were limiting with 
respect to constant delivery of the tumor immunogen in 
the second injection. 

In this study we have shown that visceral micrometastasis 
induced by i.v. injection of L10 can be cured by the systemic 
effect of a tumor cell-BCG vaccine. These results confirm 
our previous studies on the immunological susceptibility of 
Lv.Hnjected L10 cells (9, 10). We have now demonstrated 
that a nontumorigenic vaccine can affect immunotherapy. 
These results demonstrate that there is a critical dose for 
BCG in the initial vaccination but that BCG is not essential 
in the subsequent vaccination and that optimum therapy 
could be achieved with 2 vaccinations separated by a 
period of 6 days. Furthermore, the induced tumor immunity, 
which can cure the majority of guinea pigs with microme- 
tastases is achieved by 2 vaccinations that require a total 
of 2 x 10 7 tumor cells (approximately, 20 mg of tumor) 
administered over a period of 1 week. Also, the tumor 
cells, when frozen under established optimal conditions, 
maintain immunogenicity and can be used effectively in 
vaccines. 
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•reinduction of potent hapten-reactive helper T 
1 activity and subsequent immunization with 
pten-coupled syngeneic tumor cells result in en- 
need induction of tumor-specific immunity 
-ougb T-T cell collaboration between anti-hapten 
lper T cells and tumor-spetlfic effector T cells. On 
5 basis of this augmenting mechanism, a tumor- 
idfic immunotherapy protocol was established 
which a growing tumor regresses by utilizing a 
tent trinitrophenyl (TNPJ-helper T ceU activity. 
H/He mice were allowed to generate the amplified 
ore potent) TNP-helper T cell activity by skin 
inting with trinitrochlorobenzene (TNCB) after 
treatment with cyclophosphamide. Five weeks 
er, the mice were inoculated intradermally with 
nsr f c transplantable X5563 tumor cells. When 
s injected into X5563 tumor mass, an ap- 
*jic number of growing tumors, in the only 
>up of C3H/He mice in which the amplified TNP- 
Iper T cell activity had been generated were ob- 
rved to regress (regressor mice). These regressor 
ce were shown to have acquired tumor-specific T 
U-mediated immunity.. Such immunity was more 
tent than that acquired. in mice whose tumor was 
nply removed by surgical resection. These results 
licate that in situ TNP haptenation of the tumor 
Us in TNP-primed mice can induce the enchanced 
aor-specific immunity leading to the regression 
a growing tumor. Most Importantly, the present 
idy further Investigates the applicability of this 
JP Immunotherapy protocol to an autochthonous 
xnor system. The results demonstrate that an ap- 
edable percent of growing methylcholanthrene- 
iuced autochthonous tumors regressed by the 
eve TNP Immunotherapy protocol. Thus, the pres- 
t model provides an effective maneuver for tumor- 
ecific Immunotherapy in syngeneic transplanta- 
s as well as autochthonous tumor systems. 

3n the basis of the hypothesis of Mitchison (1) con- 
nilng manipulations that might augment tumor-spe- 
Ic Immunity, numerous attempts to enchance the im- 
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munogenlclty of tumor-associated transplantation an- 
tigens (TATA) 3 by coupling additional antigenic determi- 
nants on the tumor cell surface have been reported (2- 
6). Helper T cells can collaborate with effector T cell 
precursors, such as cytotoxic cell precursors, to enhance 
Immune responses against various antigens including 
TATA (7). If additional determinants coupled onto the 
tumor cell act as helper determinants. It is therefore ^ 
conceivable that preinductlon of helper T cell activity to 
these additional determinants could induce much higher 
anti-TATA Immune responses at the time of stimulation 
of tumor cells conjugated with the corresponding anti- 
genic determinants. 

We defined conditions under which enhanced immune 
resistance to tumors could be generated by prelnducing 
trinitrophenyl (TNP) hapten-rcactive T cells, and by sub- ~- 
sequently immunizing with TNP-coupled syngeneic tu- 
mor cells (8, 9). This system is designed to induce the 
most efficient generation of tumor-specific ef f ector T cell 
activity in vivo by virtue of the close linkage of hapten- 
reactive helper T cells and TATA-specific effector pre- 
cursor T cells In the mlcroenvironment at the time of 
stimulation with hapten-coupled tumor cells. Our pre- 
vious results demonstrated that the generation of potent 
TNP-helper cell activity after elimination of suppressor 
cell activity was a prerequisite for amplified generation 
of in vivo protective Immunity, and a T-T cell interaction 
mechanism between TNP-helper T cells and anti-TATA 
effector T cell precursors was thus suggested to be essen- 
tial to such a phenomenon (10). Thesis f ixsulte -prompted 
us to establish an immunotherapeuUc protocol in tumor- 
bearing animals in which such potent TNP-helper T cells 
were used, : - r " r ' ' y 

In the present study, when TNP was Introduced Into 
the tumor mass of tumor-bearing mice in which : the 
amplified TNP-reacUve helper T cell activity had 1*en 
generated, in situ tiinitrophenylatlbn of tuimor cells re- 
sulted in a high incidence of complete regression of grow- 
ing tumors. We demonstrated that the tumor regression 
was accompanied by the concurrent geribyation^of-a ^ 
tent tumor-specific T cell Immunity, suggesting on the ^ 
above T-T cell collaboration mechanism was functioning 
in this tumor immunotherapy protocol. More importantly, 
the present study also investigate; whether such an im- 
munotherapeuUc potential realized in the TNP-helper 

• AbbreviaUons used In this paper: TAT*", tumor-assocUted transplan- 
tation antigens: TNCB. trtnltrochiorobenzene: MCA. 3-methyIcnolan- 
threne: Cy. cyclophosphamide: CTL. cytotoxic T lymphocyte: l.d„ intra- 
dermal: DTH. deiayed-typc hypersenslUvtty. 
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TABLE I 

^ompartsonqf acquistt (on of tumor specific immunity after TNP 
immunotherapy and surgtcat resection oj tu mor 



A 
B 



Normal 

After regression of tumor 
by TNP immunothera- 
py* 

After surgical resection 
of tumor* 



Incidence of Resistance 
1«lnu Tumor Challenge* 

O/IO " 
U/12 



2/10 



J^* rf , Lf£ ,len * ed <d - viable X5563 tumor cells, and 

JKkJence of resistance was determined 3 weeks after the tumor chal- 
:tnge. 

^SSuJ^. * (group E| ww * used 3 wk af,er ,n,,,al ,umor 

™»^ , lT' Ce WCre lnocu !f , «* ' d - I0 4 X5563 tumor cells and 
rar°or re re W ra ovaY Urg,Ca " y feSeC,ed 7 dSy$ Uter M '« •« — 2 

growth of metastasized tumor cells. Thus, the difference 
In Incidence of antl-X5563 Immunity between two groups 
above Indicates more potent antl-X5563 immune reslst- 
,uice was retained In mice whose tumors regressed by 
virtue of the TNP Immunotherapy. 

The development of stronger antl-X5563 Immune re- 
sistance in regressor mice was also confirmed by com- 
paring the tumor-neutralizing activity of spleen cells 
•ram these mice to that of mice whose tumors were 
surgically resected. Winn assay performed with these two 
*roi-- of spleen cells at a lower spleen to tumor cell ratio 
that appreciably stronger tumor-neutralizing ac- 
_ ^as generated In the regressor mice by TNP Im- 
munotherapy than In the mice that had tumors resected 
surgically (Table II). 

Additional experiments were performed to test the na- 
airc and specificity of the effector mechanism acquired 
ay X5563 tumor regressor mice. Winn assays with the 
«e of spleen cells from the regressor mice also demon- 
strated that these spleen cells resulted in complete neu- 
Jaluatlon of X5563 tumor cells when admixed, but failed 
b exhibit 1) tumor neutralization against X5563 tumor 
*„ n h <L tl * atincnt °f the spleen cells with anti-Thy-1.2 
*» C (Table HI), and 2) tumor neutralization against 
"Other svncr^nitl^ t < u i o . . ._ ^ 



mnfi.. — ' ' •< i. u utilization against 

"Other syngeneic tumor MH134 hepatoma iTable ivi ~ ~ ~ J *" -"^mua B 

">«e results Indicate the T cell nature and soecSStvof g ? Up D: MCA ,n J«*lon-*the above combing treat 

«MWC5563 immunity acquired by the7egres£ r ml« in ment /^ m,ng ° f P° tent ™P-helper T cells^Intratu- 

beTNP immnn.^ I.,., > inc pressor mice In moral TNCB Injection. The tumor growth of four erouos 

Of animate le oU j_ « . - . . & ^ 
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tumor system we extended this TNP Immunotherapy 
model to another transplantable, chemical carcinogen- 
induced tumor (MCH-1-A1) system In which the tSr 
was recently induced In C3H/He mice by MCA and has 
been maintained In our laboratory (less than 10 passages 
In vivo). A similar protocol to that performed In thVx5563 

vZl*l Si f m Z?* " Sed the re8u i t » uc "'"strated In 
mph i a, ? "^riment. TNCB InJecUon Into the 
f « » , T° r ma / S fr0m Cy-TNCB-palnted mice led 
to a high Incidence of tumor regression. In contrast to the 
lack of tumor regression when (n situ TNP modification 
was performed in mice not primed to TNP. Thus, this 
TNP Immunotherapy system is also applicable to another 
recently established transplantable, chemical carclnT 
gen-lnduced fibrosarcoma tumor system 

The successful regression of growing tumors in an 
MCA-lnduced transplantable tumor system by using the 
Immunotherapy regimen encouraged us to test the 
applicability of this Immunotherapy protocol to an MCA- 
lnduced autochthonous tumor system. The primary tu- 
mor was Induced In 500 female C3H/HeN mice at 8 wk 
of age by Injecting 0.5 mg MCA In 0.1 ml olive oil subcu- 
taneously. Four weeks after the MCA inoculation, one 
half of the group of mice received the combined treatment 
of Cy Injection and TNCB painting, which was capable of 
Inducing the amplified TNP-reactive helperTcell activity 
and the remainder were untreated. The mice began to 
develop a primary, subcutaneous tumor about 8 wk after 
! h = ^CA treatment. At 9 wk after the MCA Injection. 20 
to 30% of mice in both TNP-helper-positive and -negative 
groups bore a tumor In the range of 6 to 9 mm In diameter. 
Histological examination of 10 autochthonous" tumors 
randomly selected (five mice In each group) revealed that 
all were fibrosarcoma. Mice that did not receive tumor 

S^!?? 1 WCrC coIlected and ^ch group was randomly 
divided Into two groups depending on whether mice were 

WUh the lntratumoral Injection of 0.15 ml of 1% 
TNCB. Therefore, the experiment consisted of four 
groups: group A: MCA Injection only: group B: MCA Injec- 
t on-lntratumoral TNCB Injection: group C: MCA lnjec- / 
tlon-*tne combined treatment of Cy plus TNCB painting- 
and group D: MCA Injectlon-the above combined treat* 



oeTNP Immunotherapy model. 

Application of the TNP Immunotherapeutlc protocol 
fan autochthonous tumor system. In the process of 
^cation of thepresenttumor-speclficlmmunotherapy 
««l to a chemical carcinogen-Induced autochthonous 



of animals Is shown In Figure 3. Most tumors in three 
groups of mice (groups A. B and C). except for only one 
animal In group B. continued to grow until the animal 
died, although the growth rate exhibited varied patterns. 
Importantly, however, an appreciable number (1 1 of 25) 



— ^^~.. fe? ^,f^,_^ M „ rop ^ , 



Spleen Cells from Mlcv 



ijon of tumor by TNP Immunotherapy* 
v - resection of tumor* 

^5S^!° n of lumor b y Immunotherapy 



Spleen:Tumor 
CtllfUtlo 



Tumor Growth" (mm dum) 



Day 7 



100:1 
100:1 
100:1 
10:1 
10:1 
10:1 



Day 10 



Day 12 



5.8 ± 1.3 
<3.0 
<3.0 

4.6 ±0.9 
<3.0 
<3.0 



9.6 ± 1.0 
<3.0 
<3.0 

9.3 ±0.0 
<3.0 

7.5 ± 0.5 



13.5 ±0.3 

<3.0 

<3.0 

12.5 ± 1.0 
5.0±1.5 
10.3 ± 1^2 
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K> 20 

Days after TNCB Injection 



30 



Figure 2. Induction of tumor regression In MCH-1-A1 tumor-bearing 
mice by using the TNP Immunotherapy regimen. C3H/He mice received 
the combined treatment of Cy Injection and TNCB painting. Five weeks 
after TNCB painting, mice were Inoculated l.d. with 10* viable MCH-t-Al 
tumor cells. The in situ TNP haptenatlon Identical to that In Fig. 1 was 
performed 7 days after tumor cell Inoculation. Tumor growth was Individ- 
ually scored and expressed by tumor diameter ( J. Tumor growth In 

control groups was expressed by mean diameter ± SE of seven mice per 

group. (O OJ. (A A), and (O □) Indicate tumor cell Inoculation 

only, tumor ceil Inoculation— in situ TNP haptenatlon. and the above 
combined treatment for TNP priming—tumor cell Inoculation, respec- 
tively. 

T cell Immunity was more potent in the tumor-regressed 

than in mice whose tumor was surgically resected. 

juld also be noted that X5563 tumor-specific im- 
^runlty, which had been acquired In tumor-regressed 
mice, was mediated by anti-X5563-TATA-speclflc Lyt- 
r.2" . but not by Lyt-1~2* T cells, indicating that the 
tumor-specific Lyt-r2" T cell population whose genera- 
tion was augmented through collaboration with TNP- 
specific helpers primarily exhibited a protective effect (T. 
Yoshioka, H. FuJIwara. and T. Hamaoka, manuscript in 
preparation). Because these Lyt-P2" T cells exhibited no 
cytotoxic effect on X5563 tumor cells in a 4-hr 5I Cr- 
reiease assay, further studies are In progress concerning 
^mechanisms of antl-tumor-specif Ic Lyt- 1 * T cell func- 
tion in eradicating tumor cells in vtvo. 

Themost Interesting and important finding In the pres- 
ent study (which has not been reported In other tumor- 
"peclflc Immunotherapy experiments! Is the demonstra- 
tion of the applicability of this TNP immunotherapy pro- 
tocol to an autochthonous tumor system. This finding is 
Worthy of discussion from two perspectives. First, the 
evidence that TNP Immunotherapeutlc potential allows 
we Induction of tumor regression to an appreciable pro- 
portion In autochthonous as well as transplantable tumor 
Wems clearly emphasizes the validity of this TNP Im- 
munotherapy model on the basis of the T-T cell interac- 

mechanism. This could also provide a theoretical 
«sisfor Klein's clinical approaches In which skin mallg- 
j^cies were treated by haptenic reagents (16). Although 

*r investigation is required to explore a chemical 
t suitable for the in situ modification of human 
--*TSvlhe present system may provide a prototye of the 
^junotherapy of some types of clinical tumors such as 
*™caacers. 

•wS^J 1 . remalns to be -proven why 14 of 25 of the 
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3 4 5^ 6 T 8 9 10 11 12 

Weeks after TNCB injection 

Figure X Regression of growing autochthonous tumors bv the TNP 
Immunotherapy regimen. C3H/He mice were Inoculated subcutaneouslv 
with 0.5 mg MCA. Four weeks later, mice received the combined treatment 
of Cy Injection and TNCB painting (groups C and D). Nine weeks after 
MCA Injection. 0.15 ml TNCB in olive oil was administered Into subcuta- 
neouslv growing autochthonous tumors of groups B and D. Group A was 
MCA Inoculation only. Tumor growth was Individually scored and ex- 
pressed by tumor diameter. Tumors In all groups that reached a 14-mm 
diameter continued to grow for as many as 8 wk ultimately killing the 
animal. For limitation of the scale, such stage of growth was omitted. 

TABLE V 



Croup 


Treatment 

TNP-Th TNCB 
induction Injection 


Incklenct of 

Tumor 
Regression 


Mean SurvtvsJ 

Time 
(weeks x SC| 


No. 
Dead Mice 


A 




0/20 


13.00 ±0.75 


20 


B 




1/20 


11.32 ±0.55 


19 


C 


+ - 


0/20 


13.60 ±0.58 


20 


D 




11/25 


12.90 ±0.66 


14 



' Determined 20 wk after Injection of TNCB into autochthonous tumor 
and expressed by mean survival time of dead mice at this stage- 
been assumed that most of tumors bear TATA (17, 18). 
the qualitative diversity and quantitative heterogeneity 
in the expression of each putative TATA on an autoch- 
thonous tumor cell has not been well determined. Further 
experiments are therefore required to determine whether 
the tumor-specific Immunity is in fact acquired in mice 
whose autochthonous tumor has regressed and how pu- 
tative TATA in each individual autochthonous tumor 
qualitatively varies, and to investigate the relationship 
between the tmmunogenicity of the autochthonous tumor 
and the prognosis of the tumor-specific immunotherapy. 
Such approaches are In progress by challenging the au- 
tochthonous tumor cells obtained hy .err>is<rm*t h«*w 
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The Induction of Cytolytic T Lymphocytes with Syngeneic 
Trinitrophenyl-Coupled Membranes 1 
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Recently _we. have demonstrated 4he induction of allogeneic- 
r-muiiat cytolytic T lymphocytes (CTL) 3 using purified plasma 
^membranes rather than intact cells as stimulatory agents (1). 
In *h« report we extend the use of such subcellular preparations 
to study the requirements for hapten-specific syngeneic CTL 
induction Mpmhinn efl prepared from trinitrophenyl (TNP) . 
^coupled syngeneic tumor cells retain the_fifeQity to stimulate 
beth-a primary and secondary CTL response. The CTL that 
are generated are restricted in their lysis to target cells bearing 
the H-2 antigens as those present on the TNP-coupled 

stimulating membranes. 

MATERIALS AND METHODS 

AH materials and methods used in the in vitro induction and 
assay of TNP specific CTL are as previously described (2). 
Briefly, 7 X 10* spleen cells from nonimmune or immune mice 
were co-cultured with x-irradiated, TNP-coupled spleen cells or 
TNP-coopled membranes. After 5 days of culture cells were 
harvested and cytolytic activity was assessed in a 4-hr assay 
against 10* 41 Cr- labeled TNP-coupled tumor targets or LPS 
blast ceO targets. Immune spleen cells were obtained by priming 
mice mbcutaneously with 2 x 10 7 TNP-coupled autologous 
spleen cells 2 weeks before in vitro culture. Membranes used in 
stimulation of CTL were prepared from TNP coupled DBA/2 
mastocytoma P815 (H-2*) tumor cells or from TNP-coupled 
C57BL/6 CBS) leukemia EL-4 (H-2 1 *) tumor cells. Purified 
plasma membranes were used for CTL induction in the exper- 
iment described in Table L The results presented in Tables II 
and m were obtained by using partially purified plasma mem- 
branes referred to as "high speed pellet" in Reference 1. Spon- 
taneous w Cr release ranged from 30 to 39% for LPS-induced 
blast cell targets and from 11 to 19% for tumor cell targets. 
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RESULTS 

Plasma membranes prepared from TOT-modified tumor cells 
were tested for their "ability to stimulate both primary and 
secondary CTL responses by using H-2 syngeneic responder 
cells. As demonstrated in Tables 1 and 0, such membranes 
were active in the stimulation of primary and secondary hapten 
specific CTL CTL generated by coupled membranes are similar 
in specificity to those generated by coupled cells in that they 
preferentially lyse syngeneic target cells (2-4). These mem- 
branes stimulated variable amounts of cross-reactive lysis on 
TNP coupled allogeneic target cells. B6 spleen cells stimulated 
with TNP-EL-4 membranes did not lyse targets that did not 
bear TNP. Lytic activity was not induced when B6 spleen cells 
were co-cultured with uncoupled EL-4 membranes. 

It has been recently demonstrated (5, 6) that cells incubated 
with TNP-coupled proteins are capable of stimulating a hapten- 
specific cytolytic response that is restricted to target cells that 
are H-2 identical with the responder cell population. Therefore, 
it was important to determine if stimulation by the membranes 
was dependent on the H-2 antigen present on the membrane, 
or whether the membrane proteins were simply contributing 
the hapten that was then recognized in conjunction with the H- 
2 antigens of the responder cell population. B6D2Fi (H-^* 1 ) 
immune spleen cells were stimulated with either TNP-EL-4 
membranes or TNP-P815 membranes and the specificity of the 
resultant CTL was studied. It would be expected that if the H- 
2 present on the membranes did not influence the specificity of 
the CTL, then in either case the CTL would lyse both B6-TNP 
(H-2 b ) and B10.D2-TNP (H-2*) targets to a similar extent As 
is shown in Table HI the CTL preferentially lyse target cells 
that bear the same H-2 antigens as the TNP-membranes used 
in CTL stimulation. Similar specificity was obtained with CTL 
resulting from stimulation of nonimmune B6D2Fi spleen cells 
(Table II). These results indicate that both the TNP and the 
H-2 antigens present on the membranes determine the specific- 
ity of the CTL population. 

DISCUSSION 

The results described above extend the use of subcellular 
material to the study of CTL recognition in a chemically 
modified syngeneic system The results demonstrate the capac- 
ity of membranes prepared from TNP-modified tumor cells to 
induce primary and secondary CTL having the same specificity 
as CTL that are induced by TNP-coupled cells. :3J* *h0rty to 
stimulate B6D2Fi CTL that are restricted in t^gferecofrution 
to the H-2 antigens present on the Bthnxjim^^ 31 *'^ 
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TABLE I 

Specificity of secondary (BALB/c X DBA/3)Fx (Htf) CTL 

sti mulated by TNP coupled membranes 

' ' % Specific "Cr R elease 

Stimulator* 




P81&-TNP (H-?) EL4TNP (H-^) 



25/1* 12.5/1 



25/1 



12.5/1 



Experiment I 



1 2 -jig membranes 
24 -jig membranes 
72 -fig membranes 

Experiment 2 



BALB/c-TNP cells 
3 -fig membranes 
10-jig membranes 
30-/ig membranes 



19 
32 
44 
59 



9 
19 
24 
38 



31 


19 


19 


12 


S3 


61 


40 


14 


31 


16 


13 


8 


41 


19 


17 


11 


63 


40 


22 


14 



° Membranes used for this experiment were purified plasma mem- 
branes obtained from TNP-coupled P815 tumor cells (1). 
* Effector to target ratio. 

TABLE n 

Induction of primary (C57BL/6 X DBA/2)F, (H-2 bfd ) CTL by TNP- 

couple d membranes 

~ " % Specific "Cr Release* ~" 



Stimulator 0 



B6-TNP <H-2°) 



B10.D2-TNP 
(HZ - ) 





7 


7 


B6-TNP cells 


64 


34 


24-/ig membranes 


28 


12 


75-pg membranes 


33 


6 


150-pg membranes 


38 


6 



q requirement for direct haptenization of H-2 to stimu 
it is clear that TNP-membranes ore antigenically 
TNP-cells rather than TNP-proteins. 

It ifl also of interest to consider these results as they ad&oc^ 
the mechanism of CTL stimulation by subcellular matr^-^ 
The possibility exists that etimuEf&on of CTL by subceL 
preparations occurs via presentation of antigen by intact u*^ 
present in the cultures (e.g., macrophages) rather than by direct 
interaction between the membrane vesicle and pre-CTL. It ft. , 
clear that if indeed material must be presented by viable cefla 
to be antigenic, these cells do not determine the specificity of 
the resulting CTL. 

Ozata and Henney (6) have reported that membranes from 
TNP-coupled spleen cells failed to induce a secondary syngeneic 
CTL response whereas the results shown in Tables I and H of 
this report clearly show that membranes from TNP-coupk4^ 
tumor cells can induce a specific secondary response. Thief" 
discrepancy might be accounted for by the difference in ©afi 
type used as a membrane source. 

The ability to stimulate CTL with TNP-modified membranes 
opens the possibility that we will be able to isolate, in a soluble 
form, TNP-modified membrane proteins that retain biologtt- 
activity (Le., the ability to induce CTL) (8). One could thea%; 
determine whether an effective immunogen is created by TNP r ~ 
modified non-MHC proteins that interact with H-2, or whether.^ 
direct chemical modification of H-2 antigens creates the im- 
munogen, or whether both possibilities exist. 

SUMMARY 

Evidence is presented that trinitrophenyi-coupled t umo r 
membranes are able to induce cytolytic T lymphocytes (CTL) 
when co-cultured with syngeneicspleen cells. These haptenated 
membranes stimulate spleen celi^from naive and immune mice. 
The specificity of these CTL is^termined by the H-2 antigens 
of the membranes used for stimulation. 



TNP-coupled EL-4 tumor cells (H-2 b ). 

6 Effector to target ratio is 50:1. Target cells were UPS-stimulated 
blast cells. 

TABLE in 



I. 



Responder 


Stimulator 


% Specific "Cr Release 
Targets" 


B6-TNP 
(H-2 6 ) 


B10.D2- 
TNP (H-2 - ) 


Primed B6D2F. (H- 




6 


9 


2 b/d ) 










75 fig Elr-4-TNP 


29 


10 




membranes 








84 fig P815-TNP 


16 


32 




membranes 







Effector to target ratio was 50:1. Targets were US-stimulated blast 
cells. 

preparations indicates that induction results from recognition 
of both the H-2 and the hapten on the membranes and not from 
haptenated protein(s) from the membranes that associate with 
the responder cells. In this regard, TNP membranes are similar 
in their inductive capacity to TNP cells. It has been previously 
reported that H-2 antigens need not be directly haptenated in 
order to obtain a CTL response. Recent experiments that have 
utilized TNP-coupled serum proteins to stimulate TNP -specific 
CTL have argued against the contention by Forman ef aL (7) 
that only TNP present on H-2 is antigenically active. Although 
the experiments described above do qtot address the question of 
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Adjuvant Active Specific Immiaiaotlierapy for' Human 
Colorectal Cancer: 6.5-Yeair Median Follow-Up 
of a Phase III Prospectively Randomized Trial 

By Herbert C Hoove r, Jr. Jane S. Brandhorst, Leona C. Peters, Mildred G. Surdyke, Yoshiko Takeshi 
* Juan Madariaga, Larry R. Muenz, and Michael G. Hanna, Jr 



Purpose : Patients with colon or rectal cancer were 
entered onto a prospectively randomized, controlled 
clinical trial of active specific immunotherapy (ASI) with 
an autologous tumor cell-bacillus Calmette-Guerin (BCG) 
vaccine. We investigated whether ASI could improve 
disease-free status and survival. 

Patients and Methods : Ninety-eight patients with 
Dukes' stage B2-C3 colon or rectal cancer were random- 
ized into groups treated by resection alone or resection 
plus ASI. Eighty patients met all eligibility criteria. All 
patients with rectal cancer were to receive 50 Gy of pel- 
vic irradiation. Analysis off distribution off survival and 
disease-free survival was made on all eligible patients 
until December 31,1 990. 

Results : As a single study, no statistically significant 
differences were detected in survival or disease-free 



survival for all 80 eligible patients. However, since it 
was recognized at the outset that there were treatment 
differences, in that rectal cancer patients were to receive 
postimmunotherapy radiation, It was considered that a 
cohort analysis of the colon and rectal cancer patients 
might be informative. With a median follow-up of 93 
months, there is a significant improvement in survival 
(two-sided P = .02; hazards ratio, 3.97) and disease- 
free survival (two-sided P = .039; hazards ratio, 2.67) 
in all eligible colon cancer patients who received ASI. 
With a median follow-up of 58 months, no benefits were 
seen in patients with rectal cancer who received ASI. 

Conclusion : This study suggests that ASI may be ben- 
eficial to patients with colon cancer. 

J Clin Oncol ? I. -390-399. © 1993 by American Society 
of Clinical Oncology. 



COLORECTAL CANCER continues to be one of the 
most prevalent malignancies in the United States, 
with more than 157,000 new cases diagnosed and more 
than 60,000 deaths occurring each year. 1 Although surgical 
resection is usually the only curative therapy, established 
gross metastases and micrometastases commonly frustrate 
these efforts. Despite improved surgical approaches, pa- 
tients with transmural extension of tumor and metastases 
to regional lymph nodes still have 5-year survival rates of 
only 30% to 50% when treated by operative resection 
alone. Adjuvant radiation therapy can lower the incidence 
of local recurrence, but does not control systemic metas- 
tasis, the cause of death in many of these patients. 2 " 4 

Some recently published trials indicate benefit from 
chemotherapy, especially a combination of fluorouracil 
(5-FU) and levamisole in Dukes' stage C colon carci- 
noma, 5 * 6 and a combination of radiation therapy and 5-. 
FU/methyi-lomustine (CCNU) chemotherapy for rectal 
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carcinoma. 7 However, systemic toxicity and drug resis- 
tance continue to limit the usefulness of chemother- 
apy. New approaches are needed to engenck; further 
advances. 

Biologic therapy or biologic response modifier therapy 
has moved beyond the era of nonspecific immunotherapy 
that laid some of the foundation for today's approaches. 
Our efforts have focused on an approach that makes use 
of a patient's own tumor to elicit an immune response. 
This approach is known as active specific immunotherapy 
(ASI). There is now extensive evidence that nr human 
tumors have tumor-associated antigens, althouSi assess- 
ment of specificity of these antigens remains difficult. 8 In 
our use of ASI, we are presuming the presence of distinct 
tumor antigens on tumor cells that are absent on normal 
cells. We are attempting to activate the host defenses 
against these antigenic factors, which are theoretically dis- 
tinctive to each tumor, by increasing the immunogenic^ 
of autologous tumor cells with an immunor .'.ulating 
adjuvant, bacillus Calmette-Guerin (BCG). 

The impetus for this work was the development and 
biologic characterization of an experimental model thai 
determined the requirements for effective immunotherapy 
of established tumor. A series of studies in a guinea pig 
line-10 hepatocarcinoma model 915 demonstrated that 
BCG admixed with syngeneic tumor cells can induce sys- 
temic immunity capable of eliminating a limiird dissem- 
inated tumor burden when the vaccine is c; : > con ' 
trolled for variables such as the number o: - - r ccl s 
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patio of viable BCG organisms to tumor cells, viability of 
the tumor cells, and vaccination regimen. 

A five-patient pilot study in 1980 demonstrated that 
W e could successfully dissociate human colorectal cancers 
into viable cell preparations and that the toxicity of the 
tumor cell-BCG vaccine was minimal. The principles and 
procedures of AS1, as learned in the guinea pig hepato- 
carcinoma model, were then applied in a randomized, 
controlled trial of patients with colorectal cancer. The de- 
cision was made to start this trial in a prospectively ran- 
domized, controlled manner to maximize the information 
achieved from an extraordinarily labor-intensive and ex- 
pensive trial. The study began at the Johns Hopkins Hos- 
pital, Baltimore, MD, in 1981, was transferred to Uni- 
versity Hospital, Stony Brook, NY, in 1983, and then to 
the Massachusetts General Hospital, Boston, MA, in 1986. 
Accrual ended in November 1988 and follow-up extended 
to December 1990. The objectives of this study were to 
determine whether ASI could ( 1 ) enhance the delayed cu- 
taneous hypersensitivity (DCH) response to autologous 
tumor cells, and (2) prolong the disease-free survival of 
these patients. We have reported' 6 that immunized pa- 
tients showed a significant increase in the DCH response 
to autologous tumor cells compared with autologous nor- 
mal mucosa, used as a normal tissue control. Furthermore, 
no significant DCH responses against autologous tumor 
or mucosa cells were detected in a control group of non- 
immunized patients. The qualitative and quantitative dif- 
ferences in DCH responses to tumor cells and to normal 
mucosa cells suggest that the immunizations are tar- 
geted mainly to tumor-associated antigens, and that 
tissue-associated antigens play a secondary role. 

Correction to the Original Report 17 

In 1985, 17 we reported the preliminary clinical results 
with a mean follow-up of 28 months. In preparing the 
follow-up report on that work, we were made aware of 
oversights in the 1985 report that we now wish to correct. 
In 1985, we failed to state that there were patients ran- 
domized onto the trial who were later excluded as being 
ineligible. These patients are now listed to allow the reader 
to account for every patient randomized. In this final audit, 
eligibility criteria have been more rigidly defined, requiring 
source documentation for all reported data. Thus, some 
patients included in the original report have been reclas- 
sified as to their eligibility. These changes have resulted 
in a total of 42 eligible patients at the time of the 1985 
interim analysis, rather than the 40 patients reported. The 
net change of two patients results from the reclassification 
of six patients. The reclassified patients included two con- 
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trol patients who were later found to be ineligible and 
four treated patients who were reinstated. 

The trial was established as simultaneous studies for 
colon and rectal cancer patients. In the 1985 analysis, all 
patients were combined for analysts because of the small 
number of patients. With the reclassification and a more 
appropriate data analysis, the major conclusion of the 
1985 report is altered in that the apparent advantage of 
immunotherapy is limited to patients with colon cancer. 
There is no perceived benefit in rectal cancer patients. On 
July 31, 1984, of 27 colon cancer patients, 38% of control 
and 14% of treated patients had recurred and 23% and 
0%, respectively, had died. Of 15 rectal cancer patients, 
60% of control and 50% of treated patients had recurred 
and 0% and 10%, respectively, had died. Statistical analysis 
of such small numbers has little power to detect differ- 
ences, but the encouraging advantage in the colon cancer 
patients who received immunotherapy is suggested. 

This report updates that clinical trial with a total of 80 
eligible patients. It accounts for every patient randomized 
and elaborates on the methodology used for the entire 
trial. 

PATIENTS AND METHODS 
Patient Selection and Randomization 

Eligible patients were those with colon or rectal cancers extending 
through the bowel wall (Gunderson and Sosin 1 * stages B 2 or B 3 ) or 
with positive lymph nodes (stages C, , C 2 , or C 3 ) (Table 1) for whom 
adequate cells from the primary tumor were available. Rectal cancer 
was defined as any tumor involving or below the pelvic peritoneal 
reflection. Suitable medical condition to comply with the outpatient 
treatment protocol was required (Eastern Cooperative Oncology 
Group [ECOG] performance status 0 or I). From 1981 until 1983, 
patients with a history of cancers controlled by surgery, chemotherapy, 
or radiation therapy greater than 5 years from entry into the study 
were considered eligible. Since 1983, to avoid any chance of confusing 
a recurrence from a prior cancer, patients with any prior cancer (except 
basal or squamous cell skin cancer) have been excluded. The issue 
of prior malignancies is the only change in the eligibility criteria as 
the study progressed. Resection of the tumors was performed at Johns 
Hopkins Hospital, Loch Raven Veterans Hospital, Baltimore City 
Hospital, St Agnes Hospital, and Greater Baltimore Medical Center, 
all in Baltimore, MD; University Hospital, Stony Brook, NY; Pen- 
insula General Hospital, Far Rockaway, NY; Northwestern Memorial 
V Hospital, Chicago, IL; and Massachusetts General Hospital, Boston. 
MA. These studies were approved by each hospital's human studies 
institutional review board before any patient was entered. Informed 
consent was obtained from each subject Although patients were ac- 
crued from nine hospitals, 82% of the vaccine preparations were made, 
and ASI patients treated, under the direct supervision of the princi- 
pal investigator (H.CH.) at Johns Hopkins, Stony Brook, and 
Massachusetts General. The remaining 18% were performed at 
Northwestern and Peninsula General by personnel trained and 
quality-controlled by the principal investigator's staff, thus minimizing 
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site-to-site variability in vaccine preparation and administration. 
Figure 1 shows the schema for stratification and randomization. 
Randomization was centrally controlled at the institution of the 
principal investigator from a single set of sealed envelopes. Colon 
cancer patients were randomized separately from rectal cancer patients 
with substratification within each of the pathologic stages B 2 through 
C 3 Randomization cards were sequentially drawn in a blinded fashion 
by a protocol nurse from each category at the time (postoperatively) 
the patient was determined to be eligible and signed an informed 
consent form. An initial target sample size was 100 patients. 

Surgical and Pathology Quality Control 

Operative and pathology reports were reviewed carefully for ade- 
quacy of the surgical procedure and accuracy of staging, prompting 
a direct communication with the surgeon or pathologist in any case 
where questions developed. Each eligible patient had wide removal 
of the involved bowel segment, as well as the lymphatic drainage 
area. Involved adjacent organs were resected en bloc. All patients 
had histologically proven clear margins. Five patients were equivocal 
between B, and B 2 stages and have been called B 2 for this protocol. 

Preparation of Autologous Vaccines From Solid 
Primary Tumors 

After resection, the bowel specimen was taken immediately to the 
* hospital pathology department and opened under sterile conditions 
All tumor tissue not required for staging and 2 to 3 g of distal normal 
colon mucosa were excised, placed in sterile tubes with Hanks' bal- 
anced salt solution containing 50 & gentamicin/mL, and earned 
immediately on ice to the laboratory for dissociation and freezing 
using the method reported by Peters et al. 14 The importance of min- 
imizing damage to the metabolic activity of the cell by careful and 
timely dissociation and optimal cryopreservation has been addressed 
previously. 14 * 17 

A sample of the enzyme-dissociated cell preparation was sent to 
bacteriology for routine culture as previously described or was 
cryopreserved along with the vaccine and later thawed for bactenologic 
testing. 

Clinical Protocol 

Patients with tumors of the appropriate pathologic stages were 
randomized postoperatively either to receive the autologous tumor 
cell-BCG vaccine or to receive no vaccine (Fig 1 ). Colon cancer and 
rectal cancer patients were in separate but. parallel studies that were 
identical except that postoperative pelvic irradiation was recom- 
mended for all patients with rectal cancer. Before randomization, we 
attempted to screen all consenting patients by chest x-rays, hver ul- 
trasound or computerized axial tomography scans, and carcinoern- 
bryonic antigen (CEA) tests to identify patients with unsuspected 
metastatic disease/The vaccines were started at 4 to 5 weeks after 
tumor resection to allow the patient sufficient time to recover from 
immunologic suppression, which may be induced by anesthesia and 
surgery At 3 to 4 weeks after resection, both control and immunized 
patients were skin-tested with standard recall antigens to evaluate 
immunocompetencc and sensitization to tuberculin purified protein 
derivative (PPD). When sufficient cells were available, patients were 
also skin-tested with graded doses (10 4 , 10 5 , and 10*) of autologous 
tumor and mucosa cells. After 1984. only the I0 6 dose was used, as 
the lower doses proved uninformative. Repeat skin testing with tumor 
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Table 1 . Characteristics of the ASI Treatment Groups 
(eligible patient* only) 



ImnioootHoropy 
|n-41| 



Control 
tn» 39) 



Chomcteristtc 



Age, years 
Mean 
Range 
Sex 
Male 
Female 
Race 
White 
Black 
Other 
Location of primary* 
Right colon 
Left colon 
Rectal 
Astler-Coller stage 
Colon 

B2 (transmural) 
B 3 (adjacent organ) 
C, (+node, not transmural) 
Cj (B2 with +node) 
C> (B3 with +node) 
Rectal 

Ba (transmural] 
B 3 (adjacent organ) 
Ci (+node, not transmural) 
C 3 (B2 with +nodel 
C 3 (B3 with +node) 
Size of primary* cm 
Mean 
Range 
Proximal margin, cm 
Mean 
Range 
Distal margin, cm 
Mean 
Range 
No. of +nodes 
(stage C only) 
Mean 

Range 



n 




n 




63 




r.: 




31-87 




36-80 




27 


66 


24 


62 


14 


34 


15 


38 


35 


85 


31 


79 


5 


12 


5 


13 


1 


2 


3 


8 


10 


24 


1 1 


28 


14 


34 


\7 


31 


17 


41 


16 


41 


14 


34 


1 1 


OR 


1 


2 


2 


5 


2 


5 


0 


0 


6 


1 c 
1 O 


3 


20 


1 


2 


2 


5 


4 


1U 




15 


0 


0 


0 


0 


4 


10 


2 


5 


9 


22 


8 


20 


0 


0 


0 


0 


5.2 




5.3 




3.0-10.0 




3.0-11.5 




15.4 




16.3 




2.4-40 








8.6 




6.8 




1.4-25 




0.5-18.5 





3.2 
1-13 



3.7 
1-23 



Abbreviation: +node. positive node. 

♦Right colon includes bowel from cecum to nMW'*"^ . 
colon from midtransverse to peritoneal reflection, r e<- 
toneol reflection to anus. 

cells and mucosa was performed at 6 weeks, 6 «°"»*^f^ , J| S 
following vaccination when sufficient autologous ma,ena ' ,. 
able as described previously.' 4 Repeat recall ant.gen tesung «* r< 
formed at 6 weeks when possible. w(fk 

Treated patients received one intradermal 
for 2 weeks consisting of 10' viable, 

cells and 10' viable BCG organisms, as determined •><< . u 
units. (Fresh-frozen T1CE BCG was supplied .■■ 
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p-* 



Relapse 



7 



5-FU Chemotherapy 



? 

Survival 



5040R Pelvic irradiation 
(7 -8 weeks postop) 



Relapse 



5-FU Chemotherapy 



Survival 

fial Schema for postoperative adjuvant ASI for colorectal cancer. 
Patent, wore grouped occording to Itie tumor rite (colon or rectal). 

*'»9. g-P wos then randomized separately. 

' Corporation, Chicago. IL. and was stored at - 70°C.) In the third 

alone The first vaccine was placed on the left anterior thigh approx- 
imately 10 cm below the groin crease, the second in a compHafafe 
Ltion on the right thigh, and the third m the right deltoid are* 
The upper thigh site was chosen because of the large lymph node 
basin in the immediate drainage area. 
" On the days of vaccination, the frozen tumor cells were thawed 
' and the vaccines prepared according to Procedures detailed previ- 
ously The tumor cells were irradiated wrth 200 Gy before ad- 
ministration. Experience in the guinea pig model has shown that 
irradiation destroys the tumorogenicity, but not the immunogenictty 




39 no ASI patients 



1 S4ASpc3sfl» 



araASpoCwits 



Months since study entry 

Kg 2. Kaplan-Meier curves for survival in the 80 eligible patients 
(colon and rectal). The hazards ratio is 1 .84 in favor of ASI, but the 
two-sided P value is .088. ( ), ASI in all curves; , control. 



Months since study entry 

Fig 3 Distribution of months to death in 47 eligible potients with 
colon cancer. The hazards ratio is 3.97 in favor of ASI. The two-sided 
P value is .02. 



of the cells. The BCG was added and mixed with the tumor cells just 
before injection. 

The patients were observed closely after each vaccination for er- 
ythema and induration at the site of injections, fever, lymphadenop- 
athy, or any adverse reactions. Since control patients did not receive 
a placebo injection, blinding of the study was not possible. With only 
objective end points in the study, blinding was not felt to be essential. 

Both control and immunized patients were scheduled for moni- 
toring at 3-month intervals for the first 2 years, every 4 to 6 months 
for the next 3 years, and once a year after 5 years. Complete blood 
cell counts, CEA, and tests of liver and renal function were to be 
performed at each visit Physical examinations, including stool 
guaiacs, were also to be performed at each visit Chest x-rays were 
scheduled at 6-month intervals, and liver scans and colonoscopy and/ 
or air-contrast barium enemas were to be performed yearly. Most 
patients conformed well to the follow-up schedule. A documented 
histologic diagnosis by percutaneous or colonoscopic biopsy or re- 
operation was required to confirm recurrence of tumor, except in 
cases of lung or liver metastases with unequivocal x-ray or scan 
changes. Abnormal CEA levels alone were insufficient evidence for 
recurrence without histologic or other confirmation. The date of re- 
currence was listed as the date of the first abnormal test result that 
led to the definitive diagnosis of recurrence. At relapse, patients were 
candidates for surgical resection, systemic chemotherapy, or infusional 
chemotherapy depending on the extent and sites of recurrence. 

Statistical Analysis 

Statistical analysis used the Cox proportional hazards model in 
EGRET software (Statistics and Epidemiology Research Corporation, 
Seattle, WA). Informal examination of the empirical hazard function 
indicates the validity of the proportional hazards assumption. All P 
values are two-sided and are based on a Wald test of the treatment 
coefficient in a Cox model that adjusts for stage (B or C). 19 Figures 
2 through 4 display the Kaplan-Meier estimates for the distribution 
of the survival and the disease-free survival. 10 Disease-free survival 
was defined as the time to a recurrence of any malignancy or death, 
censored at December 31, 1990 for living patients. 
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Months since study entry 

fia 4 Distribution of months to occurrence of any malignancy or 
death In 47 eliaible P°«ents with colon cancer The hazards ra..o 
2.67 In favor of ASI. The two-sided P value is .039. 



RESULTS 

This report includes all patients (n = 98) who partici- 
pated in the trial between March 1981 and December 
1990 Every patient's record was audited by professional 
medical record examiners and medical oncologists and 
found to be accurate for all reported data using verified 
source documentation. Of the 98 randomized patients, 
the only patients not actively followed were four patients 
who were randomized to treatment but withdrew from 
the study before treatment and were lost to follow-up (Ta- 
ble 2) For the 94 randomized patients with complete fol- 
low-up, the median follow-up for 56 colon cancer patients 
is 83 months, and for 38 rectal cancer patients 57 months^ 
For the 80 eligible patients, the median follow-up for 47 
colon cancer patients is 93 months, and for 33 rectal can- 
cer patients 58 months. No eligible patients have been 
lost to follow-up. 
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The mean weight of the tumor tissue obtained from 
the fresh pathology specimen was 8.3 g (range, 2.8 to 22. 1 ). 
The dissociation produced a mean yield of 2.2 X 10 7 cells/ 
g tumor (range, 0.5 to 10.6 X 10 7 cells/g). A mean prefreeze 
viability of 85% (range, 69% to 98%) was obtained. After 
thawing, the viability of the tumor cells ranged from 50% 
to 88%, with a mean of 77%. Within these specified via- 
bility percentages, no correlation was seen between post- 
thaw viability and outcome. 

Patient Characteristics 

Ninety-eight patients entered the trial and were ran- 
domly assigned to the immunotherapy or control groups. 
Four of these patients withdrew before treatment and were 
lost to follow-up, leaving a total of 94 patients. As listed 
in Table 2, 14 randomized patients have been excluded 
from the final statistical analysis as ineligible for the stated 
reasons, leaving 80 eligible patients. It should be noted 
that patients excluded because of advanced disease status 
are equally distributed between control and treatment 
groups (Table 2). Most of the inappropriate randomiza- 
tions occurred early in the study, when patients were ran- 
domized in the immediate postoperative period of hos- 
pitalization based on the data available in the chart at that 
time before the final pathology, operative, or radiology 
reports might show a more advanced stage. Later, patients 
were randomized only after all of the reports were com- 
plete Patients were not ineligible for randomization on 
the basis of an elevated postoperative CEA alone, but were 
excluded if the CEA never returned to normal (presumed 
to be stage D, n = 3). We realize that excluding patients 
after randomization potentially detracts from th benefits 
conferred by randomization, especially in a sm*. inal. 
The two treatment groups were remarkably similar with 



Table 2. Distribution of Patients by Treatment Group 



Tumor-Cell Vaccines 

Tumor was dissociated and cryopreserved for 232 co- 
lorectal cancer patients viewed as potential candidates. Of 
these, 80 declined to participate; pathology and operative 
reports excluded 41 on the basis of stage (A, B, , or D) or 
multiple primaries; 10 had other serious medical condi- 
tions; and technical problems with vaccine preparation 
excluded three patients. The remaining 98 consented to 
participate and were randomized. 

The mean time from resection to the beginning of dis- 
sociation was 1.5 hours (range. 0.7 to 3.0), and from dis- 
sociation to cryopreservation was 5. 1 hours (range, 2.5 to 
9.0). 



Treatment Group 
(no. of patients) 



Patients 



Treated 



Control Total 



Enrolled (100%) 
Excluded 

Withdrew before treatment 

Treated in error 

Wrong protocol (stage O) 

Ineligible pathology (stage D) 

Elevated (postoperative) CEA 

Previous cancers 

Dual primary 

Total excluded 

Eligible patients 



50 

A 
0 
0 
3 
2 
0 
0 
9 



48 



P8 

A 
2 
\ 
6 
3 

1 

1 

18 

80 iST 
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'respect to age, sex, race, location of primary tumor 
pathologic stage, size of primary, extent of colon or rectal 
resection, and, in patients with stage C tumors, number 
of positive regional lymph nodes (Table 1). Five patients 
included as stage B 2 but with equivocal pathology findings 
(B./B 2 ) were equally distributed between the groups. Two 
were treated patients who failed to respond. Three were 
control patients, only one of whom failed to respond. 

Protocol Violations 

As explained earlier, from 1981 until 1983, patients 
with malignancies controlled more than 5 years earlier 
were considered eligible. Since 1983, patients with any 
prior cancer (except basal cell or squamous cell skin can- 
cers) have been excluded. Only three patients with prior 
malignancies are included in the eligible study patients. 
None of these patients had recurrences that were related 
to their previous tumor. One patient had a prior early (B.) 
rectal cancer that recurred in the bed of the C 3 right colon 
cancer for which she was entered on protocol. The second 
patient had a prior squamous cell carcinoma of the pa- 
rotid, but died of adenocarcinoma metastatic to the lungs 
after entering the trial with a B 2 rectal cancer. The third 
patient had breast cancer treated with a mastectomy and 
radiation therapy 16 years earlier, but died cancer-free 5 

years after entry for a C 2 colon cancer. 
Protocol violations in eligible patients are listed in Table 

3 These were related primarily to patients pursuing ad- 
ditional therapy outside of the protocol or refusing the 
recommended pelvic irradiation for rectal cancer. Inter- 
estingly, there have been no pelvic recurrences m the four 
control patients who received no pelvic irradiation or the 
one treated patient who received only 22 Gy. The treated 
patient who received four vaccines had most of the first 
vaccine leak from the syringe. One patient had an unusu- 
ally intense reaction to her first vaccine and received no 
further vaccines. A second patient with an intense reaction 
had the BCG dose halved in the second vaccine. Two of 
three colon cancer patients in the ASI arm who received 
abdominal irradiation in violation of the protocol show 
no evidence of disease, while the one such patient in the 
control arm has recurred. Since abdominal irradiation 
may decrease relapse rates, 3 this imbalance of ad hoc ther- 
apy could affect the outcome in a small trial. These pa- 
tients with protocol violations are all included in the anal- 
ysis of eligible patients. 
Immunotherapy-Related M orbidily 

No serious side effects were demonstrated in the im- 
munized patients. Since the therapy was conducted on an 
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Table 3. Protocol Violations 





Violation 


Currant Status 


Treated patients 






Coton/Ci 


Abdominal RT 


NED 


Coton/C, 


Abdominal RT & chemotherapy 


NED 


Colon/C 3 


Abdominal RT 


Alive with 






hematologic 






malignancy 


Colon/Co 


4 vaccines 


Died of metastasis 


Colon/B, 


1 vaccine only 


NED 


Colon/B 2 


Yi dose BCG in second vaccine 


NED 


Rectal/C, 


22 Gy of RT 


Died of pulmonary 






metastasis 


Rectal/Cj 


RT started 8 days early 


NED 


Control patients 




• 

Alive with new 


Colon/B a 


Abdominal RT 






primary 


Reclal/B, 


Refused postoperative RT 


Died of pulmonary 






metastasis 


Rectal/C 2 


Chemotherapy 


NED 


Rectal/C 2 


NoRT 


Died of pulmonary 






metastasis 


Rectal/Bj 


Refused postoperative RT 


NED 


Rectal/C, 


Refused postoperative RT 


NED 


Rectol/C 2 


Refused postoperative RT 


Alive with pulmonary 



Abbreviations: RT, radiation therapy; NED, no evidence of disease. 

outpatient basis, meaningful data relative to febrile re- 
sponses to the vaccine are not available. All patients were 
asked to keep their own temperature charts, but few re- 
corded more than a minimal elevation of temperature in 
the first 2 days after receiving the first two vaccines con- 
taining BCG. As expected, all patients developed a su- 
perficial ulceration at the sites of the first and second vac- 
cinations containing BCG. The ulcers usually occurred 
around the third week, were 1 .5 to 2 cm in diameter, and 
usually healed within 3 months. Sixty percent developed 
palpable ipsilateral inguinal adenopathy. In each case, the 
adenopathy resolved within 3 months. Satellite ulcers 
within 5 cm of the vaccine site occurred in two patients. 
These resolved without any treatment. One patient had 
an exaggerated response to the first vaccine with indura- 
tion of 15 cm and 8 cm of central ulceration. Healing 
occurred over a period of 3 months. She received no ad- 
ditional vaccines. 

Liver and renal function tests were not altered by the 
immunotherapy. Total lymphocyte counts and absolute 
lymphocyte counts did not change significantly. 

Skin Test Reactivity 

Extensive skin test data on immunized and control pa- 
tients have been published. 16 Our published data on 24 



396 



HOOVER ET Al 



immunized and 1 1 control patients with colorectal cancer 
include some patients from a stage D protocol. All patients 
reacted initially to at least one of the standard recall an- 
tigens. There was no change in recall antigen reactivity 
in the follow-up period, except that all but one of the 
immunized patients converted to PPD-positive. The DCH 
response to autologous tumor cells compared with normal 
mucosa cells was increased significantly (P < .01) in that 
67% of the immunized patients showed a positive re- 
sponse, but only 9% of nonimmunized patients tested 
showed positive reactivity at the comparable postoperative 
period. There was not a similar boost to autologous mu- 
cosa cells in the immunized patients. In the adjuvant trial 
now being reported, 20 of the 41 immunized patients were 
tested preimmunization and postimmunization for DCH 
with autologous tumor cells and mucosa. Of these 20 pa- 
tients, 16 (80%) became positive: 86% of colon cancer 
patients and 67% of rectal cancer patients. 

Clinical Outcome 

In our prior interim report of this trial, 17 colon and 
rectal carcinoma patients were analyzed together because 
of the small number of patients. In this report, we analyzed 
the total population and, recognizing the postimmuno- 
therapy treatment difference for rectal cancer patients, 
performed a cohort analysis for colon and rectal carci- 
noma. 

We considered two outcomes: survival and disease-free 
survival. In contrast to the 1985 interim analysis, the Cox 
model analysis provides no evidence of a treatment by 
stage interaction to support such a stratification by stage. 
Furthermore, the study is not powerful enough either to 
test the hypothesis of interaction or to compare treatment 
outcomes for patients separately within stages. Therefore, 
although the randomization was performed by stratifi- 
cation by stage, as well as site, the statistical decision was 
to view stage as dichotomous. 

Table 4 lists the survival data for the 94 randomized 



patients (colon and rectal, eligible and ineligible, with 
complete follow-up), as well as for the 80 eligible patients. 
AH analyses were adjusted for stage. Among the 94 ran- 
domized patients with complete follow-up, 46 received 
ASI and 48 were in the control group. Deaths from all 
causes were included in this analysis. In the total popu- 
lation of patients randomized to ASI compared with the 
control group, the positive trend reported in 1985 17 con- 
tinues, but while the difference is impressive, it is no longer 
significant (P - .068). In the treated colon cancer patients, 
there was a significant survival advantage compared with 
controls (P = .026), with a hazards ratio of 2.83. 

Among the 80 eligible patients, 41 received ASI and 
39 were in the control group. Deaths from any cause were 
included in this analysis. Again, an overall positive trend 
is observed (P = .088), but the only significant survival 
difference (P = .02) was seen in the comparison of the 
ASI-treated colon cancer patients with the controls. The 
hazards ratio was 3.97. 

Figures 2 and 3 show the distribution (using Kaplan- 
Meier 20 estimates) of survival. The Cox regression model 19 
was used to compare treatment groups. Figures 2 and 3 
depict the survival, respectively, for the 80 eligible patients 
combining colon and rectal patients and the 47 colon 
cancer patients. 

Disease-free survival rates among the 80 eligible patients 
are summarized in Table 5. These analyses are expressed 
as disease-free survival using recurrence of any malignancy 
or death. This conservative analysis is of interest, as we 
do not know if this approach to ASI is specific for colo- 
rectal cancer or might confer broader resistance to other 
malignancies. When the occurrence of any mi: -ancy 
or death was evaluated, there was a significant ainrrencc 
among the colon cancer patients (P = .039; hazards ratio. 
2.67) (Fig 4). When the recurrence event included colon 
tumors only, there was a statistically significant difference 
between the treated and control colon cancer patients (P 
= .03; hazards ratio, 2.97). . 



Patient Group 
Randomized (n = 94) 



Table 4. Summary of Survival 



Tumor 


ASI Treatment 




Control 




P 


Hazards Ratio* 
(adjusted (or itoge) 


Deaths/Total 


% 


Deaths/Total 


% 


Alt 


19/46 


41.3 


26/48 


54.2 


.068 


1.75 


Colon 


7/27 


25.9 


15/29 


51.7 


.026 


2.83 


Rectal 


12/19 


63.2 


11/19 


57.9 


.772 


1.13 


All 


14/41 


34.1 


19/39 


48.7 


.088 


1.84 


Colon 


4/24 


16.7 


11/23 


47.8 


.020 


3.97 


Rectal 


10/17 


58.8 


8/16 


50.0 


.930 


0.95 



.nlidence 
limits 



Assessable (n = 80) 



1.13. 7.07 



1.24. 127? 



•A hazards ratio > 1 favors the treatment group. 
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Control 



Typo of Recurrence 


Tumor 


Recurrence or Deaths/ 
Total 


% 


Recurrence or Death i/ 
Total 


% 


P 


Hazards Ratio* 
(od jutted lor stage) 


Confidence 
limit* 


Any malignancy or death 


All 

Colon 
Rectal 


19/41 
8/24 
11/17 


46.3 
33.3 
64.7 


23/39 
13/23 
10/16 


58.9 
56.5 
62.5 


.147 
.039 
.905 


1.58 
2.67 
1.05 


1.05. 6.76 


Primory or second colon 
tumor or death 


All 

Colon 
Rectal 


17/41 
6/24 
11/17 


41.5 
25.0 
64.7 


23/39 
13/23 
10/16 


58.9 
56.5 
62.5 


.112 
.030 
.905 


1.67 
2.97 
1.05 


1.11,7.94 



•A hazards ratio > 1 favors the treatment group. 

In Figs 3 and 4, it is apparent that late events (> 60 
months) are important in survival and disease-free sur- 
vival. The three late events in the treated group involve 
diagnoses of malignancies unrelated to the primary tumor 
(a second primary colon cancer and two hematologic ma- 
lignancies). In the control group, three of four late events 
were due to progression of the primary tumor and one 
was death due to a new primary tumor (renal cancer). 

DISCUSSION 

This report updates our previously published, prospec- 
tively randomized, controlled trial of ASI in colon and 
rectal cancer. 17 A statistical analysis of this small trial sug- 
gests therapeutic benefit from autologous immunization 
in patients with colon but not rectal cancer, although with 
such small numbers of patients we cannot conclude that 
ASI is of proven therapeutic benefit. 

That colon cancer patients appear to benefit while rectal 
cancer patients do not is of considerable interest. It could 
be that rectal cancers are intrinsically less immunogenic. 
We do not have sufficient data to confirm that hypothesis 
on the basis of DCH reactivity. We are concerned that 
the lack of ASI effect in rectal cancer patients could be 
related to the logistics of the pelvic irradiation. In the 
guinea pig model, the draining lymph nodes must be left 
intact for 2 1 days following immunization to develop suf- 
ficient immunity to destroy tumor. Rectal cancer patients 
started pelvic irradiation, including the draining lymph 
nodes, within a few days after completing immunization. 
It is possible that the lymph nodes targeted by immuno- 
therapy were destroyed by the irradiation before they could 
have a full impact on the immunologic response. 

We now have three lines of evidence that ASI has an 
immunologic impact in patients with colon cancer (1) 
we have previously reported a significant boost in reac- 
tivity (48-hour DCH) to autologous tumor cells in vac- 
cinated patients 16 ; (2) we have reported the use of pe- 
ripheral-blood lymphocytes from these immunized 



patients as sources for the development of stable clones 
of human B lymphocytes that produce colon and rectal 
tumor-specific monoclonal antibodies 22 (lymphocytes 
harvested from the peripheral blood of unimmunized 
patients are less likely to contain cells that produce tu- 
mor-specific monoclonal antibodies); and (3) the sus- 
tained differences in clinical outcome between immu- 
nized and nonimrhunized groups of patients with colon 
cancer in our study are encouraging, even with the small 
numbers. 

How can we explain our modest gains in the face of so 
many past failures of attempts to control malignant disease 
by immune manipulations? A reappraisal of the past fail- 
ures in the light of current studies in experimental animal 
models may clarify the reason for the failures and suggest 
other new immunologic approaches. Our clinical protocol 
emerged from biologic principles derived from nearly 8 
years of investigation with the guinea pig line- 10 hepa- 
tocarcinoma model. Studies in the guinea pig model 
demonstrated that BCG mixed with tumor cells is effective 
in inducing a degree of systemic tumor immunity capable 
of eliminating a limited disseminated tumor burden. Fur- 
ther studies demonstrated the feasibility of preparing tu- 
mor-cell suspensions from enzymatically dissociated solid 
tumors without loss of immunogenicity, a requirement 
for the preparation of human tumor vaccines. 14 It was 
possible in this model to demonstrate that allogeneic cells, 
dead cells, or cell components (antigen extracts) were not 
effective. It also was demonstrated that BCG components 
were not effective substitutes for whole viable BCG cells. 
Autologous tumor cells alone or BCG alone were not ef- 
fective. 

Past attempts at controlling colon cancer by immu- 
nologic means have used primarily nonspecific immu- 
nomodulators, none of which have significantly altered 
the course of the disease. Interestingly, the National Sur- 
gical Adjuvant Breast and Bowel Project protocol C-01 
reported a survival advantage in favor of BCG scarification 
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treatment over resection alone in patients with Dukes' 
stage B and C carcinoma of the colon." However, further 
investigation disclosed that the survival advantage in favor 
of BCG was a result of a diminution in non-cancer-related 
deaths Deaths from cardiovascular-related sequelae were 
twice as common in the untreated control group as m 
the BCG-treated cohort. In the present study, there were 
two non-cancer-related deaths, one in the control colon 
cancer group and one in the ASI-treated colon cancer 

group. . , . . 

Most human trials with tumor vaccines have had at 
least one major variation from the requirements listed 
above for successful immune stimulation with ASI. Most 
have used tumor cells of low viability, an absolute pre- 
dictor of failure in our model. Such cells disintegrate rap- 
idly and do not provide the necessary sustained antigenic 
stimulus to the regional lymph nodes. Others have used 
allogeneic cell lines. Unless cross-reacting tumor antigens 
are shared by the donor and recipient, allogenic vaccines 
are destined to fail. . 

In the guinea pig model, the success of therapy is in- 
versely proportional to the number, size, and -location of 
metastases present at the time of treatment. It is unlike y 
that even the most optimal vaccination regimen could 
control large tumor burdens. Studies in the guinea pig 
model have suggested that ASI can become a ueaningfid, 
integral part of combination therapy, when coupled with 
conventional chemotherapy or additional biologic ther- 
apy » Studies have shown that chemotherapy arts syn- 
ergistically with ASI in the eradication of pulmonary mi- 
crometastases if a precise sequence of immunotherapy 
and chemotherapy is followed."-* The mechanism for 
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this synergistic interaction appears to be an immune-me- 
diated breakdown of the normal anatomic and vascular 
barriers in solid tumors, allowing greater access of blood- 
borne chemotherapeutic agents to the tumor cells. 

We are attempting to verify the potential efficacy of 
ASI therapy through prospectively randomized studies 
underway under the auspices of the ECOG using ASI in 
an adjuvant setting in Dukes' stage B and C colon cancer 
patients. The Dukes' stage C study evaluating ASI alone 
has been closed with adequate accrual for reliable assess- 
ment and accrual continues with the Dukes* stage B colon 
patients. A second phase III trial has been initiated com- 
bining immunotherapy and chemotherapy m patients with 
advanced disease. With the recently reported benefits from 
adjuvant 5-FU and levamisole, 6 - 7 our adjuvant protocols 
have been altered to include 5-FU and levamisole in all 
Dukes' stage C colon cancer patients. This will give an 
optimal opportunity to determine the efficacy of ASI in 
combination with chemotherapy in the adjuvant setting. 
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